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Introduction 

As research in different phases of pine- 
apple culture has progressed, it has be- 
come increasingly evident that some of 
the problems encountered can finally be 
solved only through a thorough knowl- 
edge of the structure of the plant. From 
time to time various members of the 
staff of the Pineapple Research Institute 
have done some work on the anatomy of 
certain tissues as the need for immediate 
knowledge of a specific structure arose. 
It finally seemed advisable, however, to 
make a rather complete study of the 
structure of the entire pineapple plant 
and at the same time to review and eval- 
uate the already existent literature on 
the subject. Comparison of the structure 
of this plant with that of other members 
of the family Bromeliaceae, as described 
in the available literature, will also be 
presented when of interest. 

‘Interpret Rumph. Herb. Amboin. (1917) 133. 
This nomenclature for the pineapple is thé most 
widely acceptable at present. It was officially recog- 
nized by the Experiment Station of the Association 
of Hawaiian Pineapple Canners (now the Pineapple 
Research Institute of Hawaii) in 1933. Other names 
for this plant seen most frequently in the literature 
are Ananas sativus (Lindl.) Schult. fil.; Ananassa 
sativa Lindl.; and Bromelia Ananas L. (96, 149). In 
order to avoid confusion and repetition, only the 
term Ananas comosus will be used in this paper, re- 
gardless of the original citation. 

? Additional sections of this paper will appear in 
succeeding issues of the BOTANICAL GAZETTE. Liter- 
ature cited will appear at the end of the last section. 

3 Published with the approval of the Director as 


Technical Paper no. 186 of the Pineapple Research 
Institute of Hawaii, Honolulu, T. H. 


The present paper is a report of a 
study of the vegetative organs, originally 
prepared primarily for use by members 
of the staff of the Pineapple Research In- 
stitute and personnel in the pineapple in- 
dustry in Hawaii. It is by no means an 
exhaustive study, but it is hoped that, 
specifically, it will serve as a source of 
reference for those who need to know 
some anatomy of the pineapple plant as a 
background for their own research or 
work and, generally, contribute to the 
literature on monocotyledonous anat- 
omy. 

There are a great many references to 
certain structural features of the Brome- 
liaceae to be found in the general ana- 
tomical literature (1, 7, 30, 31, 34, 38, 40, 
41, 42, 46, 47, 49, 50, 53, 54, 56, 57, 58, 
59, 75, 76, 79, 80, 81, 83, 90, 100, 103, 
104, 109, I13, 116, 117, 118, I19, 120, 
127, 136, 142, 147, 155, 159, 163, 164, 
165, 168, 170); although many of these 
consist of brief descriptions only, in total 
they represent a considerable contribu- 
tion to our knowledge of bromeliaceous 
anatomy. A growing interest in the Bro- 
meliaceae, aroused primarily by ScHIM- 
PER’s descriptions of them in their na- 
tive habitats in tropical America (118, 
119, 120), and the increasing numbers of 
bromeliaceous species which became 
available in the botanical gardens of 
Europe, stimulated various investigators 
to make special, fairly detailed anatomi- 
cal studies of this family. This fundamen- 
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tal work was done during the relatively 
concentrated period covered by the last 
quarter of the past, and the first decade 
of the present, century by a number of 
Austro-German and Scandinavian in- 
vestigators (12, 16, 22, 61, 64, 69, 88, 94, 
95, I10, 143, 150, 156, 167). Several of 
these authors (64, 94, 167), their con- 
temporaries in other countries (14, 15, 
106, 112, 161, 162), and others who fol- 
lowed (97, 107, 126, 141) have presented 
more or less detailed descriptions of all or 
several of the vegetative organs, while 
Borescu (16) described the structure of 
both the stem and the root. Some papers 
have been largely concerned with root 
origin and structure only (69, 93, 157, 
158); of these, a recent publication by 
MEYER (93) is an especially valuable 
contribution to the literature on brome- 
liaceous anatomy. SOLEREDER and MEy- 
ER (141) have described all the vegeta- 
tive organs in some detail, reporting on 
many species of Bromeliaceae. 

Probably because of the many singu- 
lar features characteristic of the leaves of 
bromeliaceous plants, the greatest num- 
ber of studies have been made on the 
structure of these organs. KEILINE (72) 
and SOLEREDER and MEYER (141) pre- 
sented descriptions of all the leaf tissues 
in considerable detail. Other papers, al- 
though describing the leaf as a whole 
rather briefly, describe certain tissues 
and their functions in some detail: the 
epidermis (12, 20, 22, 88, 110, 148); the 
aerating system (22, 88, 148); the as- 
similatory tissue (110, 148); the water- 
storage tissue (22, 148); the vascular and 
mechanical systems (110, 126, 156); and 
the scutiform trichomes (6, 19, 23, 32, 
61, 95, 150, 160). 

The number and scope of studies deal- 
ing specifically with the anatomy of the 
pineapple plant are somewhat limited; 
they include very simple and brief de- 
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scriptions of the plant, primarily of the 
fruit, by early botanists and growers, and 
the following more recent work, present- 
ed in chronological order: a brief descrip- 
tion of leaf structure (166); a more de- 
tailed one of the internal structure of the 
vegetative organs (65); a brief descrip- 
tion of the stomata (21) and of the stem 
(130); an uncompleted and unpublished, 
but fairly extensive and detailed, report 
of the anatomy of the mature plant (13); 
a study of the structure of the seedling 
and young plant (98); brief descriptions 
of the plant as a whole (24, 68); and a re- 
port on the origin and development of 
the leaves (73). Specific references to cer- 
tain anatomical features of this species 
are to be found in some of the general 
anatomical and bromeliaceous literature 
listed above (16, 22, 23, 30, 72, 88, 93, 
II0, 126, 141, 154, 167). 

More detailed reference to most of the 
literature cited above will be made in the 
discussion on the structure of the various 
organs. 

The variety of pineapple principally 
grown on a commercial scale in Hawaii is 
the Smooth Cayenne. Material used for 
the present study was of this variety, 
from plants of various ages previous to 
floral differentiation, except in the case 
where seedling structure was studied; for 
the latter study hybrid seedlings con- 
taining at least 50% Smooth Cayenne 
were used. The seedlings were grown in 
propagating flats, under glass. Other 
young, but not seedling, plant material 
was obtained from rooted shoot buds 
grown from Smooth Cayenne stem sec- 
tions (for details on the propagation of 
these see Stu [138]). The more mature 
material was obtained from plants grown 
in the Wahiawa district, in areas where 
established plantation practices are em- 
ployed, in order to have as “‘normal,”’ i.e. 





194 


ave 
sib! 


mic 
tio! 
pre 
tec! 
wel 
luc’ 
wit 
gra 
jun 
SCO} 
rat 
con 


her 
fro! 
has 
Thi 
ple’ 
ses: 
hid 
Th 
line 
rou 
gro 
wit 
4: 
eig! 
bas 


4 
14-1 
flora 
pres 
ing, 


num 
late 
Intr 
sour 
writ 
fron 
sum 
plan 








1948] KRAUSS—PINEAPPLE ANATOMY 161 


average, and uniform material as pos- 
sible. 

Observations, drawings, and photo- 
micrographs were made on and from sec- 
tions of both fresh material and material 
prepared by usual or modified micro- 
technical methods. Most of the drawings 
were made with the aid of a Zeiss camera 
lucida. Photomicrographs were made 
with a Bausch and Lomb photomicro- 
graphic camera (type K) used in con- 
junction with Zeiss and Leitz micro- 
scopes. Specific information on the prepa- 
ration of material is given whenever it is 
considered to be of interest. 


The plant: organography 


The pineapple plant is a perennial, 
herbaceous monocotyledon. It stands 
from go to 100 cm. above the ground and 
has a maximum spread of 130-150 cm. 
The aerial portion of the stem is com- 
pletely covered by closely overlapping 
sessile spirally arranged leaves which 
hide it completely from view (figs. 1, 2). 
The leaves form a dense rosette, the out- 
line of which, in longitudinal section, is 
roughly heart-shaped (fig. 3). The under- 
ground portion of the stem is covered 
with a cluster of fibrous roots (figs. 2, 
4, 5). 

The leaves number from seventy to 
eighty, exclusive of the dry, wholly dead, 
basal leaves and the center leaves less 


4 The description presented is of a typical plant 
14-15 months after planting from a slip, just before 
floral differentiation. CoLLins (24) has previously 
presented a brief description of a mature, i.e., fruit- 
ing, plant of ‘‘average type.” 


5 Measurements for the size of plants and for the 
number and size of plant parts presented here and 
later are average ranges for field-grown plants (see 
Introduction), based on original data from various 
sources (74, 132), including those obtained by the 
writer especially for this paper. Data were obtained 
from plants grown from slips planted during the late 
summer or fall, this being the more usual time for 
planting in Hawaii. 


than a centimeter in length. They are 
ensiform, semirigid, and channeled, i.e., 
concave on the upper side, except at the 
tip; they are thus crescent-shaped in 
transverse section (fig. 6A). This is said 
to be typical for the leaves of most Bro- 
meliaceae (22). The longest leaves in the 
rosette (figs. 2, 3, 7) are from 80 to 100 
cm. long and about 6 cm. broad at the 
widest portion above the basal region, 
about halfway between the base and tip. 
After reaching the above maximum 
width, the leaf tapers gradually to a 
sharply pointed indurated tip, on the 
margins of which there are usually small 
deltoid-cuspidate hooked spines (fig. 
6C). The bases of the fully developed 
leaves are broad and encircle the stem in 
a sheathlike manner, covering a lateral 
distance of approximately two-thirds of 
the stem circumference. There are often 
groups of spines on the margins of the 
leaf base and even on the blade proper. 
Water, soil particles, and organic mate- 
rials such as fragments of decaying leaves 
and dead insects collect in the space be- 
tween the leaf base and stem. A living 
fauna and flora are usually found in these 
leaf axils. Such populations, consisting of 
many species, have been described as in- 
habiting many members of the Bro- 
meliaceae in their natural habitats (106, 
107, 118, I19, 120). 

The under, i.e., dorsal or abaxial,° side 
of the leaf appears striated, owing to the 
occurrence of longitudinal furrows and 
ridges, and is covered with a silvery 
white furfuraceous layer. This is often 
but erroneously called “‘bloom”’; in real- 
ity, it consists of the air-filled “heads,” 
i.e., the expanded portion, of the tri- 
chomes; these latter are considered one 
of the most characteristic features of the 
Bromeliaceae. The upper, i.e., ventral or 

6 The more common adjective, “‘under,” for this 
side of the leaf will be used in this paper. 





Fics. 1-2.—The pineapple plant. Fig. 1, general view of growing plants in plantation field. One year old. 
Fig. 2, individual plant just before floral differentiation, i.e., 14 or 15 months after planting of slip, to show 
dense rosette formed by closely overlapping sessile leaves. Portion only of root system remains attached to 
base of stem. About 1/g natural size. 
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adaxial,’ surface of the leaf appears gla- 
brous, with color varying from a pea- 
green to a dark olive-green, depending 
upon the age of the leaf and the nutrition 
of the plant. There is also usually a suf- 
fusion of red, owing to the presence of 
anthocyanin, in a broad central streak 
along the length of the exposed portions 
of the upper surface of the older leaves. 

The shape and dimensions of the stem, 
considering both the aerial and the sub- 
terranean portions, become apparent 
only after the removal of the soil roots 
and leaves (figs. 4, 5). In form the stem 
is clavate; it is about 20-25 cm. long and 
has a diameter of 2—3.5 cm. at the base 
and of 5.5-6.5 cm. at the thickest por- 
tion, just below the apex. The major 
portion has approximately this latter 
diameter (figs. 4, 5). Although the axis of 
the aerial portion of the stem stands ver- 
tically or nearly so in relation to the 
ground—the stem being negatively geo- 
tropic—the basal portion is usually 
curved. This lower portion is the stem of 
the original propagating material, i.e., 
the “‘slip”’ or “‘shoot,’’® which is curved as 
a result of its axillary growth on the 
mother plant. When the crown or top- 
the leafy terminus of the main axis ex- 
tending beyond the fruit—is used as 
propagating material, the basal portion 
of the stem is not curved. 

The stem is marked off externally by 
poorly defined nodes—these are super- 
ficially indicated by the leaf “‘scars’’ left 
after stripping—and by short internodes 
(figs. 4, 8). A stem with long internodes 
seldom occurs in this family (22). The 
length of the internodes in the pineapple 
stem varies from 1 to 1o mm. The shorter 

7 The more common adjective, “upper,” for this 
side of the leaf will be used in this paper. 


8 A “slip” is a lateral branch on the inflorescence 
stem or peduncle. A “‘shoot”’ is a lateral branch on 
that portion of the main stem which is above the 
ground (see p. 217). 
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internodes are located in those portions 
of the stem formed during periods of 
slower and of incomplete growth, i.e., at 
the base and apex, respectively; and the 
longer internodes, in the central portion 
of the stem which is formed during the 
period of more rapid growth (fig. 4). 
Similar observations have been previous- 
ly reported (13, 130). The shortness of 
the internodes accounts for the overlap- 
ping and complete covering of the stem 
by leaves and the consequent rosette 
form of the leaf cluster. 








Fic. 3.—Plant showing approximate heart shape 
of longitudinal section (broken line) of leaf rosette. 
About 1/20 natural size. 


The removal of consecutive leaves by 
stripping makes evident that the leaves 
are arranged spirally on the stem. Ex- 
amination of the Smooth Cayenne vari- 
ety shows that the leaves are arranged in 
either a right- or a left-hand spiral (73), 
although the former type predominates. 
The phyllotaxy of the pineapple plant 
has been established as being ;°, (73, 130, 
and Smperis and Krauss, unpublished 
data); by stripping leaves from stems 
and marking the exposed axillary buds 
which indicate the midpoint of each leaf 
on the stem, it was found, in following a 
leaf cycle, that there are five complete 
turns about the axis and that thirteen of 
these buds are included in such a cycle 
(fig. 5). No confirmation for MILEs- 
THomas and Hotmes’ report (98) of a 


phyllotaxy of {{ in seedling pineapple 














Fics. 4-5.—Stem. Fig. 4, from 14-month-old plant, with leaves removed to show shape and axillary buds 
and roots. sr, soil roots; ar, lower axillary roots which ev entually enter soil and become part of soil root 
system; ar;, higher axillary roots which never enter soil, remaining tightly wound around stem; ar,, recently 
e nvgel axillary roots higher on stem; rb, so-called root “buds” or ‘‘primordia” which are actually tips of 
emerging roots; /bb, lateral branch or "shoot bud. Approximately 1/2 natural size. (Photograph by R. J. 
BAKER.) Fig. 5, stem from 12-month-old plant w ith leaves removed and axillary buds (indicating mid point 
of leaf ‘‘attachment’”’) marked and numbered in sequence to show phyllotaxy. Starting with bud marked X, 
it is shown that complete cycle to another bud directly above this first-marked bud includes thirteen buds 
arranged in spiral which covers five complete turns about axis. Phyllotaxy is therefore ;°3. Buds in two 
complete cycles have been numbered. About 1/2 natural size. 


. 





tim 








buds 

root 
ently 
ps of 


point 
ed X, 
buds 


1 two 





KRAUSS—PINEAPPLE ANATOMY 165 


plants, based on an angle of divergence 
of 220°, was found by these investigators. 

Upon removal of the leaves from the 
stem, it becomes evident that they are 
not uniform in shape, as it appears from 
a superficial examination of the intact 
plant, but that the leaf outline varies 
with the position of the leaf on the stem. 
It is principally the shape of the leaf base 
which differs (fig. 7). 

The total number of leaves can be di- 
vided, roughly, into two groups, accord- 
ing to development and general form 
(fig. 7). The first forty leaves—the lower 
half of the total number—are fully de- 
veloped and have the general shape rep- 
resented by the leaves in subgroups 1-3 
(fig. 7). The main portion of the leaf— 
the blade or lamina proper—is lanceolate 
in form, while the base is considerably ex- 
panded. There is a distinct narrowing in 
width between the basal and main por- 
tions of the leaves in this group. This 
narrow region, which is also a transition 
zone between the nonchlorophyllous tis- 
sue of the base and the chlorophyllous 
tissue of the blade, has been aptly named 
the “neck” of the leaf (131, 132). The 
size, especially the length, of these leaves 
increases with successive, later-formed 
leaves. 

The leaves of this lower group form 
three fairly distinct subgroups (fig. 7). 
From the point of view of development 
the very basal or oldest leaves are the 
original, already fully developed leaves 
of the propagating material, the slip or 
shoot, and therefore change in neither 
shape nor size after planting. A leaf rep- 
resentative of this subgroup, 1, is shown 
in figure 7. As the stem elongates and 
new leaves are formed after the propa- 
gating material has been set in the soil, 
these lowermost leaves become senile and 
gradually dry back from the tips. At the 


time of floral differentiation many of 


them are completely dried and often par- 
tially or wholly decayed. 

The other leaves making up the lower 
half of the total number (fig. 7, sub- 
groups 2 and 3) are the originally imma- 
ture, central leaves of the slip or shoot 
rosette at the time of planting; these 
change both in form and in size as they 
develop after planting. 

The older of these leaves (subgroup 2 
in fig. 7) are characterized by constric- 





i 


Fic. 6.—Leaf. A, transverse section showing 
crescent shape; B, portion to show constriction at 
boundary between tissue formed in original planting 
material before (acroscopic), and new tissue formed 
after (basiscopic), planting; also, marginal spines 
basiscopic to constriction; stippling indicates central 
streak of dark red from anthocyanin in subdermal 
cells; C, leaf tip with marginal spines common to 
Smooth Cayenne variety. About 1/2 natural size. 


tions in the width of the blade (fig. 6B), 
the zone of constriction varying, in rela- 
tion to the distance from the proximal or 
distal ends, with the serial position of the 
leaf on the stem (fig. 7). This constric- 
tion should not be confused with the fore- 
mentioned neck of the leaf. The portion 
of the leaf between the constriction and 
the proximal end represents new growth 
since planting. 

This group of leaves is also further 
characterized by the presence of a group 
of marginal spines in a position basiscopic 
to the constriction—between the con- 
striction and the leaf base—from 1 to 3 
cm. “‘below”’ the constriction (fig. 6B). 
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Observations made in various nutritional 
and drought experiments 
the Physiology-Soils Department (un- 
published data) and in root-failure ex- 
periments and surveys made by the 
Pathology Department (87) of the Pine- 
apple Research Institute—indicate that 


carried on by 


adverse conditions, such as nutritional 
disorders and drought, induce similar 
groups of marginal spines. 
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CoLtins recently pointed out (26) 
that the action of the gene for the de- 
velopment of the spiny tip characteristic 
for the Smooth Cayenne variety appears 
to be associated with the physiological 
conditions which initiate leaf growth. 
Evidently, after the growth processes are 
under way, the action of this gene for 
spine production is inhibited; therefore, 
only the tip of each leaf is provided with 
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Fic. 7.—Leaf types. Representative leaves from average plant just before floral differentiation, i.€., 14 poi 
or 15 months after planting of slip, to show variation in size and shape. Leaves were removed from stem acte 
in sequence, beginning at base of stem with oldest nondecayed leaf; representative selections made from each TI 
morphological group. Main and subgroups indicated by numbers (pp. 165-167 for description). Letters indi- - 
cate grouping by Srperts, Krauss, and Younc (p. 167, n. 9). About 1/6 natural size. (Photograph by C. P. leaf 
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spines (fig. 6C) 
material 


. When the propagating 
the slip, shoot, or crown—is 
removed from a mother plant and left to 
dry for a time before planting, as is cus- 
tomary in pineapple propagation, leaf 
growth ceases to all external appear- 
ances. This propagating material, after 
planting in the soil, resumes growth when 
conditions are favorable. At or near the 
point on the leaves where new growth 
starts after this period of growth cessa- 
tion, indicated by the constriction men- 
tioned above, spines are again produced 
for a short period of time, and then the 
inhibiting action comes into play again, 
resulting in a smooth margin thereafter. 
The same phenomenon may also occur 
during any period in the life of the plant 
in the soil if growth ceases, owing to 
drought or some other adverse environ- 
mental factor, and is then later resumed. 

In the remaining subgroup of the 
leaves which make up the lower half of 
the total number (subgroup 3 in fig. 7), 
the leaves show no constrictions; prac- 
tically the entire growth of these leaves 
occurs after the propagating material 
has been planted. 

The leaves constituting the upper half 
of the total number are formed after the 
planting of the propagating material and, 
at the stage of plant development being 
described, exhibit various stages of de- 
velopment. This group consists of the 
longest leaves of the plant and the short- 
er central leaves of the rosette. The form 
of the blade of the longest leaves resem- 
bles that of the older leaves already de- 
scribed, but the base is without the 
acutate expansions, i.e., the “‘lateral 
points” (132, 133) mentioned as char- 
acteristic for the first group of leaves. 
These leaves are represented by the first 
leaf in the upper group in figure 7. 

The central, youngest leaves of the 
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rosette are lanceolate in form, with no ex- 
pansion of width into a distinct base; in 
fact, the width of the proximal portion of 
these leaves is equal to or less than the 
width of the broadest portion. These 
central leaves are represented by the re- 
maining leaves shown in the upper group 
in figure 7.° 

The underground portion of the stem 
is covered with a cluster of fibrous roots, 
the so-called ‘soil root system” (25). The 
roots comprising this system have also, 
at various times, been called basal and 











Fic. 8.—Section of stem to show nodal and inter- 
nodal regions, bud of lateral branch, leaf base ‘‘at- 
tachment,” and leaf scars. m, nodal, and in, inter- 
nodal, regions; /b, leaf base; /bb, lateral branch bud; 
ls, leaf scar. Slightly smaller than natural size. 


axillary soil roots (24, 29). These roots 
are adventitious in origin, as a primary 
root develops only in the seedling and, 
even there, does not persist for long. 
Others (13, 25, 98) have previously ob- 
served this in the pineapple seedling. 
This condition is apparently character- 
istic for the Bromeliaceae, since Mrz 
(94) had also observed it in the seedling 


9 Early (132, 133) in the research work of the 
Physiology Department of the Pineapple Research 
Institute, it became evident that the leaves of the 
pineapple plant could be separated into consecutive 
groups, according to morphological characteristics 
and corresponding stages of development or age; 
chemical analyses of leaves so segregated showed 
that these morphological and age groups also repre- 
sent leaves correspondingly different from a physio- 
logical point of view. The grouping of leaves by the 
present writer corresponds, approximately, to that 
of the previous writers (groups A-F in fig. 7 
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representatives of species in five genera of the basal leaves. This operation ex- bo 
of Bromeliaceae which he studied: Hech- poses several ‘‘rings,”’ i.e., whorls of root (fi 
tia, Puya, Deuterocohnia, Bromelia (in “buds,” as they have been called (17, SW 
which genus he included the pineapple), 68, 69). Also called “root primordia,” mi 
and Hepetis. these are actually the root tips which are sy 

According to former established field breaking or have broken through the ca 


practice, still followed in certain local- 
ities, the slips or shoots are prepared for 
planting by first stripping off a number 
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stem epidermis (figs. 4, 9); the true root 
primordium is, of course, found within 
the stem, at the point of initiation: the 
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Fic. 9.—Central region of stem cut to show transverse, radial, and tangential views of gross external and 14 
internal structure. Tangential section cut at boundary between cortex and stele. zar, internal, and ear, ex- an 
ternal, portions of adventitious roots; cv, circumferential band of vascular tissue; vm, vascular network at 1b, 
boundary between cortex and steel; /g, leaf gap; /éb, leaf trace bundle; /s, leaf scar; /bb, lateral branch bud; 76, of 
tip of emerging root, often called root ‘“‘bud.” Slightly larger than natural size. ba 
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X- houndary between the cortex and stele tive “higher’’ whorls of root “‘buds”’ are 
ot (figs. 9, 10). These exposed root tips added to the first-formed soil root sys- 
7, swell and elongate, in the presence of tem. 

hi moisture, to form the original soil root Often the roots emerging at the higher 
re system. Later, as basal leaves die and de- levels elongate to a considerable length 
he cay, roots which develop from consecu- and remain confined within the axils of 
ot 

in 

he 

) 





Fic. 10.—Gross internal structure of stem. A, radial section of stem just before floral differentiation, i.e., 


| and 14-15 months after setting slip in ground, from which soil roots and leaves have been removed. Levels 1, 2, 
, OX and 3 indicate levels at which transverse sections illustrated in B were cut. ar, axillary, and sr, soil, roots; 
rk at lb, leaf base; /tb, leaf trace bundle; ir, adventitious root passing through cortex and just emerging at surface 
1; rb, of stem; rp, root primordium; vm, vascular network at boundary of cortex and stele; cvt, circumferential 


band of vascular tissue. About 1/2 natural size. 
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the leaves before they pass out between 
the margins of two leaves, or through the 
bases of leaves which decay, into the soil. 
These roots, during the period in which 
they develop in the leaf axils, and those 
roots which emerge from the stem at 
higher levels and never enter the soil, 
constitute the so-called “axillary” root 
system, as opposed to the “‘soil’”’ root sys- 
tem (17, 24, 29, 85, 86). The axillary 
roots which never enter the soil are ex- 
posed upon stripping the leaves from the 
stem (figs. 4, 9, 10); they are elongated 
from a few millimeters in the region near 
the apex to 10 cm. or more nearer the 
base of the stem, in the latter case being 
tightly wound about the stem (figs. 4, 9). 
They are greatly flattened and distorted 
as a result of their constricted develop- 
ment between the bases of the leaves and 
the stem. Although few laterals arise 
from these axillary roots, they do occur 
in Ananas comosus, contrary to BOWER’s 
statement (17) that secondary roots do 
not develop on axillary roots. JORGENSEN 
(69) had previously found in other Bro- 
meliaceae that lateral roots are formed 
in roots after they have emerged from 
the stem but before they enter the soil. 
Root hairs also occur on the axillary 
roots. 

The extent of the soil root system 
varies with the nutrition of the plant and 
properties of and conditions within the 
soil, such as the texture and moisture 
content, and the presence or absence of 
parasitic organisms; but, in general, the 
pineapple plant is considered to be shal- 
low-rooted under average field condi- 
tions. For the most part, the root spread 
laterally is not very extensive (68), the 
penetration not very deep, and the life of 
the individual root short. Under ideal 
conditions, however, the soil root system 
may have a lateral spread of 1-2 meters 
and penetrate to a depth of 30-85 cm. 
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(17, 65). The pineapple soil root branches 
freely, and secondary, tertiary, etc., roots 
as well as root hairs are evident. 

Also exposed only upon stripping of 
the leaves from the stem are the shoot 
buds; these occur singly in the axils of the 
leaves at the midpoint of each leaf on the 
stem (figs. 4, 8, g) and are greatly flat- 
tened as a result of being closely ap- 
pressed between the bases of the leaves 
and the stem. Most of them are ovate in 
form, with an acute apex. The buds range 
in size from 3 mm. in length (i.e., height) 
and 5 mm. wide at the base of the bud, on 
the apical and basal portions of the stem, 
to 2 cm. long and 1 cm. wide on the cen- 
tral portion. 

The older portions of both soil and 
axillary roots, as well as the internodes of 
the basal portion of the stem and the 
sheaths (prophylls) inclosing the larger 
axillary buds, are covered with reddish- 
brown-colored layers; the color indicates 
that these layers are composed of suber- 
ized cells. 

The stem 
GROSS INTERNAL STRUCTURE 


Examination of radial and transverse 
sections of a stem (fig. 104, B) with the 
unaided eye shows that the stem, except 
at the apex, is distinctly divided into a 
central core and a surrounding ensheath- 
ing layer limited externally by the epi- 
dermis. Although the monocotyledonous 
stem is not generally differentiated into 
a distinct stele, or central cylinder, and 
cortex, in the sense that these words are 
used in describing dicotyledonous stems, 
it seems entirely proper to use these 
terms in connection with the stem of the 
pineapple plant. FALKENBERG (40) felt 
justification for the use of these terms in 
describing many monocotyledons. In de- 
scriptions of bromeliaceous plants in gen- 
eral, he and others (16, 94) wrote of a 
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cortex and a central cylinder of the stem, 
while JORGENSEN (69) used the terms 
“outer zone’’ and “inner zone,”’ respec- 
tively, for these tissues. Some authors 
(13, 133, 134, 135) have incorrectly sub- 
stituted the term “‘pith” for “‘stele.”’ 

The boundary between stele and cor- 
tex is marked by a layer, in the form of a 
hollow cylinder, which, in the less ma- 
ture portions of the stem, appears as a 
conspicuous translucent ring in trans- 
verse section or similarly conspicuous 
lines in radial section (figs. 9, 10); this 
boundary zone appears in sharp contrast 
to the remaining farinaceous ground tis- 
sue. BORESCH (16) described this ‘“‘ring”’ 
as a characteristic feature of bromeliace- 
ous stems. The “dividing cylinder,” 
which consists of a meristematic zone in 
the younger, and of vascular tissue in the 
older, portions of the stem, does not ap- 
pear continuous but is broken or inter- 
rupted by openings through which leaf- 
trace bundles pass (figs. 9, 10). These 
openings, although not exactly compara- 
ble with those in a dicotyledonous stem, 
may be considered leaf gaps. At the base 
of the stem the thickness of the layer 
forming this dividing cylinder is consid- 
erably greater, reaching a maximum of 
perhaps 4 mm., and is often colored a 
reddish brown, indicating a suberization 
of its elements. At the apex of the stem 
this cylinder passes over into a conical 
sheath, the apex of which seems to be 
lost at the very tip of the stem (fig. 104). 
Several investigators (16, 71, IoI, 123, 
145) have described a conical (meri- 
stematic) dome in monocotyledons. Bo- 
RESCH (16) reported the occurrence of 
such an apical meristematic dome in all 
the Bromeliaceae he studied; he de- 
scribed its presence in Ananas comosus, 
as did BERGMAN and WELLER (13). 

An examination of radial, especially, 
and of transverse sections of the stem 


gives some evidence of the complexity 
of the vascular system (figs. 9, 10). The 
view exhibited in a radial section ap- 
pears a disordered one owing to the di- 
verse and twisted course of the bundles; 
this has already been commented on by 
other investigators (16, 94). It is, how- 
ever, evident even at first glance, and 
especially apparent in transverse sections 
(fig. 10B), that the vascular bundles are 
distributed throughout the axis, a condi- 
tion characteristic for monocotyledons in 
general. Bundles are very numerous 
throughout the stem but less so in the 
cortex than in the stele. Transverse stem 
sections especially show that the central 
bundles are largest, often appearing 
branched, and are more widely spaced, 
while the bundles at the periphery of the 
stele are smaller and more closely aggre- 
gated (fig. 10). There is no evidence of an 
orientation of bundles into nodal and 
internodal regions. 

In a radial section the bundles are, for 
the most part, cut longitudinally, al- 
though the innermost of the stelar bun- 
dles are usually cut obliquely and even 
transversely. The vascular strands at the 
apex of the stem are also cut obliquely 
in radial sections. It is also apparent that 
only a portion of each bundle is cut or ex- 
posed in any single section, which indi- 
cates that the course of the bundles is not 
in a single plane (fig. 104). 

The course of the vascular bundles 
may be studied by several means. Per- 
haps the easiest method is with retted 
stems. Longitudinal halves of a stem are 
allowed to lie in water until such time as 
bacterial action has destroyed the cellu- 
lose structures and thus isolated the lig- 
nified and suberized elements. This same 
operation exposes the gross structure of 
the older portions of the cylinder divid- 
ing the cortex and stele. 

When thick longitudinal sections of 
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the stem are boiled in a heavy sugar solu- 
tion, they become translucent. The bun- 
dles may then be traced with or without 
staining. Another method of making 
thick sections translucent is to treat them 
with a chloral hydrate solution (eight 
parts of the hydrate and five parts of 
water). The reaction can be speeded up 
by heating the sections in the solution at 
about so C. After thorough washing in 
water, the bundles are best traced when 
stained with phloroglucin. 

Individual bundles were also traced 
by dissecting untreated stems or, to fa- 
cilitate the operation, stems which had 
previously been subjected to vital stain- 
ing. In the latter case, several centi- 
meters of stem were cut off and the base 
of the plant placed in a dye, such as fast 
green. Within 48-96 hours the dye was 
to be found in many of the bundles of 
stem and leaves. Another method used in 
tracing individual isolated groups of 
bundles was as follows: all absorbing 
roots but one were cut from the stems of 
young plants, the severed ends of all 
roots covered with wax, and the remain- 
ing attached root placed in a dye such as 
fast green. 

Examination of the retted stem, espe- 
cially, shows that all bundles are com- 
mon bundles, i.e., they pass through the 
stem for a greater or less distance and 
continue as leaf-trace bundles. When 
bundles are followed from the leaves into 
the stem, many are observed to enter the 
latter at an angle, usually about 45°, 
after which they ordinarily penetrate 
deeply. The larger median bundles usual- 
ly penetrate more deeply than the small- 
er lateral ones. As a rule, the larger bun- 
dles pass through the cortex into the stele 
through the leaf gaps previously men- 
tioned and continue, still obliquely, to 
the center of the stem axis’before turning 
outward and downward in a broad curve 
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toward the periphery of the stele. As 
these bundles approach the boundary be- 
tween stele and cortex, they continue for 
some distance downward, almost parallel 
to it, before actually approaching and 
appearing to unite at their lower ends 
with elements in the vascular network 
forming this boundary. The downward 
course of these bundles is never vertical 
except for this usually short distance, 
nor is their course limited to a single 
vertical or lateral plane; in other words, 
the course is a twisted one within the di- 
rections described above. Each common 
bundle sooner or later fuses or unites 
with others, the anastomoses occurring 
frequently and at any point along the 
course of any one bundle. Several investi- 
gators (13, 16, 30, 40, 155) have described 
in more or less detail this characteristic 
course of bundles in the stems of bromeli- 
aceous plants, including Ananas comosus 
(13, 30, 155); this type of bundle-course 
system represents a modification of the 
palm type, first described by von Mout 
(101). 

Although in some monocotyledons 
anastomoses occur chiefly at, or are re- 
stricted to, the nodal region, this is not 
true in the pineapple. As seen in both 
radial and transverse sections, the large 
bundles seem to branch chiefly in the 
central region of the stem. Viewed from 
a lower or higher level, it appears as if a 
bundle abruptly splits into three or more 
branches; actually, several bundles anas- 
tomose with one another at or very near 
the same level. FALKENBERG (40) con- 
sidered this ‘vascular bundle branching” 
to be especially characteristic for the 
Bromeliaceae, and others (13, 16, 155) 
have observed such anastomosing in the 
stems of various members of this family, 
including Ananas comosus (13). 

When the smaller bundles are traced 
from the leaves into the stem, they also 
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are observed to enter at an angle, but 
many of them follow a different course 
from that of the larger bundles. Many of 
these smaller bundles are lateral leaf bun- 
dles, while others are the smaller bundles 
which alternate with the larger bundles 
in the leaf. Upon entering the stem, 
many of these smaller bundles pass 
through the cortex, approximately paral- 
lel to the surface of the stem, for varying 
distances until at their lower end each 
anastomoses with one of the larger bun- 
dles which enter the stele. Thus a great 
many of these smaller bundles follow a 
course limited to the cortical region and 
never directly enter the stelar portion of 
the stem. Other writers (13, 30, 40) have 
described this cortical vascular system 
as it occurs in Bromeliaceae (including 
the pineapple). The lateral leaf-trace 
bundles are not, however, limited to the 
cortical region in the pineapple, as BERG- 
MAN and WELLER (13) have indicated. 

A conspicuous feature of the stem is 
the presence of adventitious roots within 
the cortical region. These roots appear to 
originate at the boundary between stele 
and cortex and follow an oblique down- 
ward course for some distance through 
the cortex toward the stem periphery. A 
radial section of the stem (figs. 9, 10) ex- 
hibits very clearly the place of origin of 
the roots and their course. It appears 
that there is no definite arrangement of 
roots, since their proximal ends are found 
at irregular intervals along the entire 
boundary between cortex and stele; this 
may be seen to best advantage by study- 
ing retted stems (fig. 11A), thick serial 
sections, both radial and transverse, and 
by cutting away the cortical region (figs. 
g, 12). It seems rather extraordinary to 
find root primordia, visible to the unaid- 
ed eye, within 1 cm. (vertical distance) 
of the apical growing region, and the 
proximal ends of roots which have already 


passed through the cortex and are visible 
at the surface of the stem within 3 cm. 
(vertical distance) of the apex of the 
stem (fig. 104). The roots which originat- 
ed in what is now the lower half of the 
stem all emerge from the surface, usually 
in the internodes, to form the soil and 
axillary root systems. A great number of 
the latter roots are wound around the 
stem between the bases of the leaves and 
the stem. A striking characteristic of the 
younger, i.e., later-formed, adventitious 
roots, still within the stem, is that they 
are apparently already suberized, since 
various of their elements are colored a 
reddish brown. This is true even of the 
roots growing within a few centimeters of 
the stem apex. 

A clearer picture of the gross nature 
of the more mature portions of the 
boundary between cortex and stele and 
of the root “insertion” at this boundary 
is obtained in a retted stem. An examina- 
tion of a portion of such a retted stem 
(fig. 11) shows that the “cylinder” sepa- 
rating the cortex and the stele—which 
appeared as a translucent or suberized 
ring in transverse sections and as similar 
lines in radial sections in the more ma- 
ture portions of an untreated stem—is 
made up of a network of anastomosing 
vascular tissues confluent with the vascu- 
lar strands which issue from the individ- 
ual roots. Isolation of a single root shows 
the numerous vascular strands (the lig- 
nified elements only remain after the ret- 
ting process) which spread out radially 
after emerging from the root proper (hg. 
12B). The vascular elements from one 
root appear to anastomose with those of 
another and with the vascular network, 
leaving spaces at intervals (between the 
areas of the vascular elements) to form 
the leaf gaps (figs. 114, 12). The bundles 
from the leaves pass from the cortex into 
the stele through these gaps; at their 
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lower ends the elements of these leaf- 
trace bundles appear to anastomose with 
the vascular elements of the dividing 
network and the roots at a lower level. 

Radial sections of the stem show what 
appear to be “pockets” or “islands” of 


vascular strands 





FIG. 11. 
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ture portions of the stem they were de- 
scribed as vascular bundles belonging to 
the lateral buds (13). 

In radial sections these areas are either 
circular or, more often, elliptical in out- 
line, with clearly defined margins (figs. 





A, portion of retted stem from 1-year-old plant, showing lignified vascular elements found at 


boundary between cortex and stele, composed of vascular network and elements issuing from bases of roots. 
Face view from cortical side. B, individual root isolated from A to show lignified elements emitting from root 
base: 1, view from stelar, 2, from cortical, side. Approximately X 2. 


tissue in the nodal regions a millimeter or 
less beneath the surface (figs. 9, 10, 12). 
In the apical portion of the stem these 
so-called ‘‘pockets” or “islands” have, in 
general, been considered to be meri- 
stematic tissue from which the axillary 
buds “‘originate,” being located, as it 
were, in the “‘axil’”’ of the deaf where the 
buds form (73). In the case of more ma- 


g, 10, 12). They appear in sharp contrast 
to the surrounding farinaceous ground 
tissue because of their translucent ap- 
pearance. In reality such an area is not 
actually an ‘“‘island’’—a small isolated 
group of differentiated cells—but repre- 
sents a cross section of a circumferential 
band of what appears to be vascular tis- 
sue located just below the surface of the 
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stem and partly just above and opposite 
the place of leaf ‘‘attachment.” The lat- 
eral limits of each band appear to be de- 
termined by the lateral limits of the in- 
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served in transverse sections made im- 
mediately above the insertion of a leaf 
(fig. 12) or in a section cut parallel to the 
surface in the same part of the stem. 

















Itb 


1G, 12.—Diagrammatic representation of central region of stem of 14-month-old plant, showing portion 
of cortex cut away to surface of stele to expose vascular network at boundary between cortex and stele. 
Xylem elements from roots shown. arb, adventitious root base; cvt, circumferential band of vascular tissue; 
lb, leaf base; 1g, leaf gap; /tb, leaf trace bundle. Slightly larger than natural size. 


sertion of each individual leaf, i.e., the 
band of vascular tissue extends the same 
distance around the circumference of the 
stem as does the base of the leaf inserted 
immediately below it. The bandlike na- 
ture of this vascular tissue can be ob- 


Such sections represent, of course, longi- 
tudinal and tangential views, respective- 
ly. The axillary bud is located over this 
band in a median position with reference 
to leaf attachment. 
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APICAL MERISTEM, OR GROWING REGION 
The following interpretation of the 
apical meristem of the pineapple stem’ 
is based partially upon the work of pre- 
vious authors who have described bro- 
meliaceous and other monocotyledonous 
stems of a similar type (9, 13, 16, 91, 101, 
103, I15, 123) but primarily on personal 
examination. It is hoped that this de- 
scription of the apical meristem in the 
pineapple stem may facilitate an inter- 
pretation of that in many other mono- 
cotyledonous stems. 

In this description the term “‘apical 
meristem” will be used in the broadest 
and, to us, the most logical meaning of 
the phrase to include all parts of the api- 
cal growing region: (1) the terminal meri- 
stem, consisting of (a) the acroscopical 
portion which is undifferentiated apical 
tissue; this merges gradually basiscopi- 
cally into (d) the older differentiating but 
unspecialized tissue," which in turn 
passes into (2) the specialized meri- 
stematic tissue, the dictyogenous layer, 
which lies between the cortex and stele. 
All these represent successive stages of 
a primary meristem which builds pri- 
mary tissue. 

The acroscopical portion of the ter- 
minal meristem is in the form of a spheri- 
cal segment above the latest-formed leaf 
primordium (figs. 13, 14, 15) and in 
radial section exhibits a relatively broad 

© Tt should be kept in mind that the stem of a 
plant just before floral differentiation—about 14 or 
15 months after planting of the propagating mate- 
rial—is being described here so that this is a vegeta- 
tive meristem, i.e., one in which foliar histogenesis 
only is proceeding. 

11 A distinction between promeristem and meri- 
stem proper has been made by various authors. In 
the pineapple stem the acroscopical portion of the 
terminal meristem, above the latest-formed leaf 
primordium, or including the latter in the opinion of 
some authors, could be designated as promeristem 
and the criteria of many authofs satisfied; actually, 


there are no definite limits within this terminal 
meristem. 


domelike, slightly convex appearance 
(figs. 22, 23A, 32). As in most plants, the 
cells in this portion, essentially alike, are 
approximately isodiametric in form and 
without intercellular spaces. The walls are 
thin and of cellulose; the protoplasm is 
abundant; the nuclei are prominent; and 
vacuoles are lacking (fig. 23). The initiat- 
ing cells are probably subterminal and 
apparently indefinite in number. The 
outer row of cells, the dermatogen, forms 
a definite and discrete layer over this por- 
tion (fig. 23). Functionally, this portion 
of the terminal meristem is the zone of 
cell initiation. 

In the transition from the youngest 
meristematic cells to differentiating meri- 
stem, a change which is gradual and with- 
out sharp demarcation, a lateral expan- 
sion or projection which is a leaf primor- 
dium and, soon after, a procambial 
strand are formed (figs. 15-20, 22, 24). 
The cells in the latter are distinguished 
from the remaining, undifferentiated 
meristematic cells chiefly by their narrow 
and elongate shape; they also usually 
have denser protoplasm (figs. 20, 22, 24). 
This procambial strand becomes the 
first leaf-trace bundle for the latest- 
formed leaf primordium; it continues 
into the leaf as the central procambial 
strand there (figs. 22, 24). Procambial 
strands for leaf-trace bundles in a posi- 
tion immediately lateral to this bundle 
are formed with progressive develop- 
ment of the meristem. 

Differentiation in the terminal meri- 
stem begins in the center of the stem and 
progresses centrifugally, so that at pro- 
gressively greater distances back from 
the apex a core of differentiated paren- 
chyma cells and vascular bundles, con- 
stantly increasing in diameter, remains 
as the zone of diminishing meristem be- 
comes more and more restricted toward 
the periphery of what will be the central 
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Fics. 13-16.—Apical meristem. Series of transverse sections of stem apex of 7-month-old plant. Fig. 13, 
cut at tip of acroscopic portion, and figs. 14-16, cut at successively lower levels back from tip (each 20 u 
below preceding section). am, acroscopic portion of apical meristem; /, last-formed leaf primordium; 1, /2, 
l,, and J,, successively older leaf primordia. Numbers indicate same procambial strands of second and third 
youngest leaf primordia in figs. 15, 16. 
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FIGs. 21-2 


2.—Apical meristem. Fig. 21, radial section of apical region of 13-month-old seedling, and fig. 
22, of 4-month-old plant. am, acroscopical portion of apical meristem; /, latest-formed leaf primordium; 
1,, 12, 1;, successively older leaf primordia; ps, procambial strand differentiating in apical meristem and next 
to youngest leaf primordium; ra, raphides cell. Arrow points to meristematic zone between cortex and stele 
in which later-formed procambial strands are initiated. 
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cylinder or stele. Since development 
within the region which becomes the 
cortex is to some extent centripetal, a 
zone of meristematic tissue is left be- 
tween the cortical and stelar regions 
(figs. 21, 26). In this portion of the 
terminal meristem, then, procambial 
strands with interlying parenchyma are 
formed, first in the central portion of the 


most easily located in radial sections 
viewed under lenses of low magnification 
(fig. 29A) or in seedling stems (fig. 21). 
In both radial and transverse sections 
the cells appear as a narrow zone slightly 
denser than the surrounding tissue (figs. 
21, 26, 29); they can sometimes be seen 
to somewhat better advantage in oblique 
sections because they form a wider zone 





Fic. 23.—View of earliest stage of leaf initiation visible, in radial section of 4-month-old plant. Zone 
delimited by broken lines X, X; in A and shown enlarged in B is that in which leaf is being initiated. dc, 
dermatogen cell; sdc, subdermatogen cell; 7, nucleus; /, cell division in dermatogen, indicating leaf initiation; 


l,, 12, 1;, successively older leaf primordia. 


stem (figs. 17-20) and then, with further 
development of the stem—at different 
levels back from the apex—in a narrow 
zone at progressively greater distances 
from the center (figs. 21, 26, 29A, 32). In 
this narrow zone of meristematic tissue 
additional procambial strands and par- 
enchyma develop toward the inside (fig. 
30). 

It is often difficult at first to recognize 
the cells of this narrow meristematic 
zone from the adjacent stelar and cortical 
cells (figs. 29B, 30). The zone is perhaps 


in such a section. Examination under 
high magnifications shows that the cells 
of this zone are primarily characterized 
by being narrower in a tangential plane 
than adjacent cells and without inter- 
cellular spaces (fig. 31); this makes for 
the denser appearance of the zone under 
low magnification. 

It should be emphasized that the ter- 
minal meristem just described actually 
extends over a very short vertical dis- 
tance in a stem of the age under con- 
sideration. 
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FIGs. 24-25.—Longitudinal sections of stem apex to show, fig. 24, tangential view of leaf primordium 
and differentiating procambial strand—this will become median leaf trace—and, fig. 25, to show tangential 
view of older leaf with other differentiating strands, lateral to median trace. 
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-Meristematic ‘‘ring” in stem. Series of transverse sections of 13-month-old s 
at successively lower levels back from apex to show ring of meristematic tissue (indicated by arrows) at 
periphery of stele in which, fig. 26, procambial strands and parenchyma are formed (these procambial strands 
become leaf trace bundles), and, figs. 27, 28, specialized meristem—dictyogenous in which vascular 
network between cortex and stel€, and adventitious roots (rp) are initiated. Arrows point to meristematic 
tissue. Section in fig. 26 cut 0.3 mm. below tip of stem; in fig. 26, 0.7 mm., and in fig. 28, 1.0 mm. below 
tip of stem, 
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FIG. 29.—Longitudinal section of stem of 7-month-old plant cut near apex to show meristematic tissue 
lying between cortex and stele. Arrows point to procambial strands forming in meristem. A, low, and B, 
high, magnification. zcm, ‘‘intercalary”’ meristem at base of leaf; /¢b, leaf trace bundle entering leaf; c, cortical 
and s, stelar, tissue. 





FIG. 30.—Procambial strands initiating in meristematic tissue between cortex and stele. Meristematic 
zone ‘‘moves away” from initiated strands as procambial strands and interlying parenchyma become dif- 
ferentiated. Arrow indicates meristem. 








y arrow) 


Apical meristem. Longitudinal section of stem to show meristematic tissue (indicated b 
A low, B, high, 


3I. 


Fic. 


at boundary between cortex and stele, and procambial strand recently initiated in it. 


magnification. 
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When the function of differentiating 
procambial strands which become the 
leaf-trace bundles and the interlying 
parenchyma is completed, this meri- 
stematic sheath passes over into a meri- 
stem with a specialized function. This 
basiscopic portion of the apical meristem, 
in the form of a narrow sheath between 
cortex and stele (figs. 27, 28), is a tissue 








FiG. 32.—Diagrammatic drawing to show differ- 
ent parts of apical meristem: J, terminal meristem 
consisting of a, acroscopical portion—undifferenti- 
ated apical tissue—and 8, differentiating but un- 
specialized meristem. /b passes over into JJ, special- 
ized meristematic tissue lying between cortex and 
stele—MAncrn’s dictyogenous layer. With final ac- 
tivity of latter, root primordia (r) are initiated. 
Vertical distance greatly exaggerated. 


similar to the dictyogenous layer in some 
monocotyledons described by MANGIN 
(91). JACKSON (67) included this term in 
his botanical glossary, describing this 
layer, not quite fully and correctly, as a 
meristem which gives rise to the central 
body and cortex of young roots in mono- 
cotyledons; the term ‘‘dictyogenous’’ it- 
self is usually applied to monocotyledons 
with netted veins (from the Greek diktyon, 
“net’’). The function of this specialized 
meristem, the dictyogenous layer, is two- 
fold: in it (@) are differentiated the 
procambial strands which develop into 
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the vascular network which serves as the 
intermediary between the leaf-trace bun- 
dles and the root-vascular system, and 
(b) the adventitious roots arise. 

The apical meristem of the pineapple 
stem as a whole may be represented by a 
figure consisting of a dome, solid at the 
summit but becoming ‘‘hollowed’’ to 
form a broad-based ‘‘cavity”’ in following 
the slopes of the dome in a basiscopic di- 
rection, with the base finally extended to 
form a hollow cylinder. The terminal 
meristem corresponds to the dome- 
shaped part of the figure, the acroscopic 
portion forming the summit, and the dif- 
ferentiating meristem the sides of the 
dome. The specialized meristem—the 
dictyogenous layer—forms the side of 
the hollow cylinder (fig. 32). This “‘fig- 
ure’’ actually covers not more than 2 cm. 
in vertical distance in a stem of the age 
under consideration. 

As the terminal meristem advances 
with the elongation of the stem, a por- 
tion of the tissue in the axil of each leaf 
remains meristematic (fig. 33). These 
meristematic regions represent the so- 
called “‘intercalary meristems” of some 
authors. The lateral-branch-bud initials 
arise from this meristematic tissue (fig. 
34). The basal portion of a leaf and the 
confluent stem tissue remain a meriste- 
matic region for some time, the former 
until the leaf is fully developed; these re- 
gions may also be said to represent an 
intercalary meristem. 

The type of apical meristem described 
as occurring in the pineapple stem prob- 
ably occurs in all Bromeliaceae. Except 
for some inconsistencies, BERGMAN and 
WELLER’s (13) fundamental conceptions 
and interpretation of the apical meristem 
in the pineapple stem were correct as far 
as they went. PETERSEN (103) recognized 
a meristematic zone between cortex and 
stele, and BorEscH (16) gave a fairly ac- 
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curate description of the meristem and 
its functions in other Bromeliaceae, but 
both authors unfortunately used the 
terms “primary meristem” and ‘‘cam- 
bium” for this meristem without any dis- 


* 


EFS es 


x 
; ry, : 


sh by 


a  . 4 
a | 


4 aes “ehh 
89", oT 


2 


ce 


: 4 oF 
AR 


KRAUSS—PINEAPPLE ANATOMY 





187 


In the literature on other monocotyle- 
donous plants the apical meristem de- 
scribed is probably in many cases similar 
to that found in the pineapple and other 
Bromeliaceae, but the unfortunate use 


Fics. 33-34.—Fig. 33, longitudinal section of stem of crown (leafy terminus of main axis beyond fruit) to 
show meristematic region (“‘intercalary” meristem, icm) remaining from apical meristem in axil of leaf; in 
this region lateral branch bud (fig. 34) is initiated. /m, “‘intercalary” meristem (meristematic region) at base 


of leaf. 


crimination between the two. The con- 
fusion created by their use of these two 
terms to describe this apical meristem 
later led SOLEREDER and MEYER (141) 
to refer to these authors’ descriptions as 
of “a secondary growth in thickness” in 
bromeliaceous stems. 


of terms by many of the authors of such 
description makes this obscure. Early in- 
vestigators of the apical meristem of 
monocotyledonous stems were at first un- 
doubtedly influenced by contemporary 
conceptions regarding this tissue in di- 
cotyledonous stems. Thus SCHLEIDEN 
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(121), the first to study this type of mon- 
ocotyledonous stem (one with primary 
growth only), and others who followed 
(SI, 71, IOI, 115, 116, 123, 145), de- 
scribed monocotyledonous stems in gen- 
eral, or specific ones, as having a “‘cam- 
bial sheath” or ‘“‘mantle,”’ or a ‘‘thicken- 
ing ring,” in which vascular bundles and 
parenchyma are produced toward the in- 
side, thus contributing temporarily to the 
increase in thickness of the stem. Lower 
in the stem this meristem, in many cases, 
was said to develop into a permanent 
tissue which some of the investigators 
called the “lignified cambial sheath’; 
others, a “‘lignified thickening ring” or 
simply a “‘lignified cylinder.”’ The error 
made by these investigators was not so 
much in their description of the meri- 
stematic tissue, for in almost all cases 
their observations were correct as far as 
they went, but in their use of the term 
“cambium”’ for this tissue and in some of 
their interpretations. They used a word 
ordinarily associated with a secondary 
meristem to describe a primary meristem. 

In contrast to the conceptions referred 
to above, others (35, 102) believed that 
the vascular bundles are formed in the 
meristem constituting the apical grow- 
ing-point, without reference to a sheath, 
and that the increase in stem diameter is 
entirely the result of the expansion of the 
cells in the ground tissue and those of the 
vascular bundles formed in this region. 
In a way the observations of these au- 
thors are correct as far as they went, but 
still they did not have the complete pic- 
ture. They did make a valuable contribu- 
tion, however, in condemning the use of 
the terms “cambium” and ‘“‘cambium 
sheath” in connection with this type of 
monocotyledonous stem. 

FALKENBERG (40) and PETERSEN 
(103) believed that both the above types 
of growth in thickness—with and with- 
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out a definite sheath—may occur in dif- 
ferent representatives of the group of 
monocotyledons with a primary meri- 
stem. This led BorEscu (16) to divide all 
monocotyledons ‘‘with a definite or lim- 
ited primary increase in diameter” into 
these two groups. He used the word 
“cambium,” but he was definitely writ- 
ing of a primary meristem. 

Others, like DEBARY (30), adopted 
HANSTEIN’s terminology of ‘dermat- 
ogen,” “plerome,’ and “periblem,” 
which is entirely unsuited for the mono- 
cotyledonous stem. 

Unfortunately, many of the more re- 
cent authors have added little to clear up 
the confusion. They have, for the most 
part, been content to adopt the terminol- 
ogy and ideas of the earlier investigators, 
with little additional original research to 
fill in the details on the nature of the 
apical growing regions of monocotyledons 
with primary meristems. ARBER (2) 
wrote of this meristem as a “procambial 
mantle”; SkuTCH (139) “doubted the 
propriety of calling this meristem a cam- 
bium”’ but decided to retain it in his de- 
scription of the banana stem “‘for want 
of a better word.” BA Lt (9) accepted 
SANIO’s “thickening ring” and SkuTCH’s 
“cambium” but used his own designa- 
tion “cambium-like primary thickening 
meristem” in his descriptions of the pri- 
mary thickening growth and origin of 
“provascular strands” in palm stems. 
Esav’s (39) use of the term “primary 
thickening meristem” for this tissue in a 
review of the primary growth of mono- 
cotyledons is commendable; she wrote, 
however, of a “cambium-like lateral 
meristem” and an “annular meristematic 
zone”’ as two different types of meriste- 
matic tissue without making clear what 
these differences are. SIFTON (137) con- 
tented himself with a review of the litera- 
ture on what he called the “‘residual meri- 
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stem” (adopting KApPLAN’s [70] term) 
and the ‘‘procambium’’; he did not dis- 
cuss the dicotyledonous and monocotyle- 
donous stems separately. 

MANGIN (91), although not always 
consistent in his terminology and with 
several inaccuracies in his paper, has 
probably given us the most nearly cor- 
rect interpretation of the primary meri- 
stem in the axes of stems of the type un- 
der consideration. Many of the other au- 
thors had basically the right idea but 
through the adoption of inappropriate or 
incorrect terminology, and by not follow- 
ing their studies through far enough, 
have not given us so clear a picture as did 
MaANGIN. He used the term “primary 
meristem” to cover both the tissue usu- 
ally designated as promeristem and the 
sheath of meristem basiscopic to this. 
The authors (71, ro, 115, 116, 121) who 
first described the so-called ‘‘cambium 
sheath” or “thickening ring’? may well 
have had a primary meristem in mind, 
as some of their descriptions indicate, but 
because they unfortunately used a term, 
“cambium,” previously used only in con- 
nection with descriptions of stems with 
secondary growth, other authors (35, 40, 
102, 103, etc.) who followed them as- 
sumed that they had a secondary meri- 
stem in mind. MANGIN described the 
change from meristematic (promeri- 
stematic) to permanent tissue as begin- 
ning simultaneously in two regions: in 
the center and at the periphery of the 
stem. In the central region differentia- 
tion proceeds in a centrifugal; at the 
periphery, in a centripetal direction. Asa 
result, the primary meristem becomes 
gradually reduced to a ring of meri- 
stematic tissue separating a central cyl- 
inder and a cortex. This meristematic 
ring passes over into a generative layer 
which he called the “dictyogenous layer” 
(couche dictyogéne); this layer is respon- 
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sible for the formation of the ‘‘radicifer- 
ous network” (réseau radicifére)—the 
vascular network lying between cortex 
and stele—and adventitious roots. 

Before leaving the subject of the apical 
meristem, some reference should be made 
to the tunica-corpus theory. In recent 
years the earlier, long-accepted terminol- 
ogy of HANSTEIN, who divided the meri- 
stem into three different histogens (the 
dermatogen, which forms the epidermis; 
the plerome, which produces the central 
cylinder; and the periblem, a region lying 
between the first two, which usually 
forms the cortex and sometimes the 
pericycle and vascular tissue as well), has 
been replaced to a great extent by that of 
ScHMIDT (122), who was concerned pri- 
marily with the genesis and growth of 
cells in the meristematic region itself. 
ScHMIDT proposed the term “‘tunica’”’ to 
designate the layer consisting of the api- 
cal external row or rows of cells which 
ordinarily divide in the anticlinal plane 
except during leaf or bud initiation and 
the term ‘‘corpus”’ to include all the re- 
maining internal tissue in which divisions 
commonly occur in diverse planes. Thus 
HANSTEIN’s “dermatogen” and “‘peri- 
blem” are united under the collective 
term ‘‘tunica.’’ Many recent authors (3, 
8, 27, 28, 43, 44, 45, 60, among others) 
have accepted ScHMIDT’s theory because 
“the concept of the tunica is sufficiently 
plastic to include those types of shoot 
apices in which only a single discrete sur- 
face layer is maintained’ and because 
“the tunica-corpus theory serves to focus 
our attention upon the dynamic rather 
than the purely formal aspects of the 
shoot apex, in that the demarcation of 
zones reflects the distribution of well- 
coordinated growth patterns which may 
be expected to fluctuate within wide 
limits in the various groups of the 
angiosperms” (45). 
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Whether one or more layers of cells in 
the acroscopic portion of the terminal 
meristem of the pineapple stem can be 
selected to form a distinct tunica is open 
to question in the opinion of the present 
writer. The outermost row of cells forms 
a distinct layer, it is true, but since the 
term “‘dermatogen”’ has for a long time 
been used to designate this primordial 
epidermal layer and is appropriate, it 
hardly seems necessary to adopt a new 
term. If the term “‘tunica”’ is not adopted, 
there is no point in retaining that of 
“corpus.” Since HANSTEIN’s terms are 
also not applicable to the pineapple stem, 
or to monocotyledonous stems in general, 
the simple terminology of dermatogen and 
subdermatogen cells has been used in this 
paper. 


THE VASCULAR CYLINDER SEPARATING 
CORTEX AND STELE 

The network of vascular tissue which 
separates the cortex and stele is formed 
in the specialized meristem, the dictyoge- 
nous layer; the initiation in this meri- 
stem of the procambial strands which 
develop into this network represents the 
final activity of the apical meristem (fig. 
28). The procambial strands differentiate 
and develop entirely within the narrow 
limits of this meristematic tissue. Their 
course is directed variously—vertically, 
horizontally, and obliquely—but within 
the plane coincident with that of the 
stele-cortex boundary. 

The strands of vascular tissue consist 
chiefly of xylem with very little phloem. 
Associated with the bundles, and also 
formed in the dictyogenous layer, are 
parenchyma cells different from adjacent 
or near-by stelar and cortical parenchy- 
ma. Those parenchyma cells lying be- 
tween the individual strands of vascular 
tissue are large and irregular in shape, 
with the longer axis in one of several di- 


rections. The longer axis’is often not 
much greater than the other. The paren- 
chyma cells lying just internal to the 
vascular network are narrow cells, elon- 
gated in a direction parallel to the stem 
axis; these cells are narrower and longer 
than adjacent stelar parenchyma (fig. 
35). 

Outside the vascular network and ac- 
tually forming the peripheral limits of 
the stele are several rows, numbering 
from two to four, of cells which deserve 
special attention. They also are formed 
in the dictyogenous layer. In the early 
stages of development they are seen as 
very narrow, elongated cells, conspicuous 
in contrast to adjacent cortical paren- 
chyma (fig. 35). The walls of the outer- 
most of these cells eventually become 
thicker, resembling the sclerenchyma 
cells which form the large caps on the 
leaf-trace bundles, although the walls are 
not quite so thick as in the cap scleren- 
chyma. The walls become lignified and, 
in the older portions of the stem, suber- 
ized. The walls are profusely pitted (figs. 
36, 37), the pits being simple and ori- 
ented obliquely (figs. 36, 39). The walls 
of the cells in the several other rows lying 
between this row of sclerenchyma cells 
and the strands forming the vascular 
network are of a similar shape as those in 
the row just described, but the walls do 
not become lignified nor are they pitted. 

These rows of cells just external to the 
vascular cylinder have been variously 
interpreted in the Bromeliaceae. Most 
authors (13, 16, 40, 91, 93 141) have 
considered the outermost of these rows 
an endodermis, with the cells lying inside 
it, the pericycle. JORGENSEN (69) and 
Mez (94) described it simply as a layer of 
well-developed or greatly thickened scler- 
enchyma. It is perhaps not too surprising 
that so many authors described the pres- 
ence of an endodermis and _ pericycle: 
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1G. 35.—Longitudinal section of stem showing elements of vascular network at boundary between cortex 
and stele: /x, xylem cut in longitudinal, and éx, in transverse, section; c, cortex; s, stele; /f, leaf trace. Black 


specks in parenchyma cells are starch grains. Limiting the vascular network tissue on cortical side are lor 


narrow cells which become peripheral sclerenchyma. 
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Fics. 36—39.—Peripheral sclerenchyma cells of stele. Fig. 36, transverse and, fig. 37, longitudinal sections 
of mature part of stem showing sclerenchyma cells at periphery of stele (cells with stippled walls)—usually 
erroneously called ‘‘endodermis.” These cells are located just externally to elements of vascular network 
(x, xylem) at boundary between cortex and stele. Figs. 38, 39, transverse and longitudinal sections, respec- 
tively, of cells of endodermis (en) of root (A in figs. 38, 39), and peripheral sclerenchyma cells (ps) of stele 
and transitional type of cells (B in fig. 38 and B and C in fig. 39). 
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first, because it has almost become a 
classicism even in descriptions of mono- 
cotyledons to consider that, if a stem is 
divided into cortex and stele, there must 
be present a pericycle and endodermis 
limiting the stele at its periphery; and, 
second, because in superficial examina- 
tion of radial sections of stem tissue con- 
taining adventitious roots, the row of 
endodermal cells in the root appears to be 
continuous with a row of cells which 
could be the stem endodermis. Careful 
examination will show, however, that the 
cells of the so-called “endodermis”’ of the 
stem are quite different from the endo- 
dermal cells of the root and in no way 
seem to fulfil the qualifications of stem 
endodermal cells except in shape. They 
are not arranged in a single continuous 
row; their walls are not thickened in the 
characteristic endodermal manner; and 
they are profusely pitted—all these fea- 
tures represent great divergences from 
the usual endodermal cells. 

By following the endodermis in a longi- 
tudinal section of the root back to its 
basiscopic portion in a stem section, one 
finds that, in the region where the outer 
cortex of the root ends, the transition 
from the true endodermal cells of the 
root to the “‘endodermal-like’’—the pe- 
ripheral sclerenchyma—cells of the stem 
stele is gradual. We find the single row of 
endodermal cells passing over to a double 
row, one of endodermal cells and the 
other of endodermal-like cells, which in 
turn passes over into a single row of the 
sclerenchyma cells (figs. 38, 39). At best 
we could call these cells in the stem 
“endodermis-like”’ cells, as have several 
other authors, because of their position 
and shape. Thus, these peripheral scle- 
renchyma cells, as this writer prefers to 
call them, of the stele of the pineapple 
stem may, in a way, be considered to 


serve a function similar to the endoder- 
mis in other stems. 

It is usual to consider the layer in- 
wardly adjacent to the endodermis as 
pericycle, potentially meristematic tis- 
sue. Some authors have assumed that the 
roots in bromeliaceous plants, including 
the pineapple, are initiated in this tissue, 
as in some other plants. That this is not 
true will be shown later in the description 
of the root; and there is, therefore, no 
functional “‘need” for a pericycle in the 
pineapple stem. 

The vascular elements of an adven- 
titious root issue from the basiscopic por- 
tion, spread out along the outer surface 
of the vascular network, and anastomose 
with the elements of the latter. On the 
inner surface of the network the elements 
of the lower ends of the leaf-trace bundles 
anastomose with the elements of the 
vascular cylinder. Thus, the vascular 
network, the vascular strands from the 
roots, and the vascular elements of the 
leaf-trace bundles become an interjoined 
system, the vascular network functioning 
as an intermediary between the other 
two vascular units. 

In the initiation of the procambial 
strands which make up the vascular net- 
work, areas of nonvascular tissue are left 
at intervals in the differentiating meri- 
stem; these become the leaf gaps through 
which the leaf-trace bundles pass from 
the cortex into the stele on their down- 
ward course from the leaf. 

The permanent tissues of the stem 
consist, then, of a central core, the stele, 
with a surrounding ensheathing layer, 
the cortex. These two regions are sepa- 
rated by the vascular network which 
serves as the vascular connection be- 
tween the roots and leaf-trace bundles at 
their lower ends. Limiting the stem 
externally is the epidermis. 
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THE STELE, OR CENTRAL CYLINDER 

The stele consists, essentially, of a 
great mass of ground tissue and the 
vascular bundles imbedded within this. 
Since the vascular system of the stem is 
described as a whole in a later section, 
that portion which lies within the stelar 
region is not described here. There is no 
indication within the stele of a differenti- 
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ation of the stem into nodal and inter- 
nodal regions. 

The ground tissue is made up of a 
rather uniform parenchyma (figs. 40, 41). 
The cells in any small region examined 
seem to lie in longitudinal rows but are 
actuaily rather irregularly arranged. At 
first glance these cells appear rather com- 
pactly arranged; closer examination, 
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Fics. 40-43.—Transverse, fig. 40, and longitudinal, fig. 41, sections of cortical ground tissue; transverse, 
fig. 42, and longitudinal, fig. 43, sections of stelar ground tissue of stem. Most cells contain starch grains. 
Arrow in fig. 41 points to truncate end wall of cell which results from nonrounding-off of end walls of daughter 


cells in division of mother cell. 
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however, shows that, since the end walls 
are usually somewhat rounded, inter- 
cellular spaces are present. The prevail- 
ing shape of the cells in longitudinal sec- 
tions is ellipsoidal, with the greater di- 
ameter parallel to the stem axis (fig. 41). 
Frequently, in the development of this 
tissue, when a cross wall forms in the 
mother cell, both end walls of the daugh- 
ter cells do not become rounded, so that, 
while one end is rounded, the other is 
truncate (fig. 41). In such cases the di- 
ameter parallel to the stem axis is defi- 
nitely less than in the case of the 
ellipsoidal cells. 

The cells of the parenchyma are filled 
with starch grains and are often tightly 
packed with them (figs. 40, 44). Both 
ellipsoidal and spherical—especially the 
latter—simple grains of starch occur in 
these cells; more frequently, the grains 
are compound (fig. 45), and both these 
and the simple type are often present in 
the same cell. According to the general 
classification of compound starch grains 
(57), those in the pineapple can be fur- 
ther described as being completely com- 
pound—the planes of separation between 
the component grains extend to the sur- 
face. The component grains form semi- 
angular, partially rounded segments, 
having two or more plane surfaces which 
result from the mutual pressure of the 
individual grains. The compound grains 
are often seen broken up into their com- 
ponent parts, within the cells; when this 
is the case, their semiangular form be- 
comes apparent (fig. 45). According to 
STRASBURGER (145), such a compound 
starch grain results from several grains 
commencing to form in a single leuco- 
plast; this causes their crowding. The 
hilum in the pineapple starch grain is 
usually either forked or stellate and is 
highly refractive to light (fig. 44). The 
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layering in the grains is rarely discern- 
ible. 


The walls of the stelar parenchyma 
cells are of cellulose. 

Scattered throughout the parenchyma 
just described are isolated cells of the 
same general ellipsoidal shape but usu- 





Fic. 44.—Compound starch grains in cells of 
stelar region in mature portion of stem (cut trans- 
versely). Hilum shows up distinctly as dark spot 
within individual grains, since it is highly refractive 
to light. 


ally very much larger. Each of these cells 
contains a bundle of many raphides— 
long acicular crystals of calcium oxalate 
inclosed in a mucilaginous sac (figs. 46, 
47). Raphides cells are formed very early 
in the differentiation of tissues within the 
stem apex (fig. 21). 


THE CORTEX 


Although there is no differentiation 
into a nodal and an internodal region in 
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the stele, such differentiation is found in 
the outer cortex. 

The greater volume of the cortex is 
made up of an inner cortex, the ground 
tissue of which consists of parenchyma 
cells similar in shape and orientation to, 
but smaller in diameter than, those found 
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Fic. 45.—Various shapes of compound starch 
grains and their component parts—simple grains— 
in stelar region of mature portion of stem. 


in the stele (figs. 42, 43, 49). These cells 
contain starch grains of the same type as 
those found in the stelar cells. Raphides- 
bearing cells also occur in the inner cor- 
tex; these resemble those found in the 
stele. 

External to the broad zone which 
forms the inner cortex is a narrow periph- 
eral zone, the outer cortex, which con- 
sists of seven or eight rows of cells inside 
the epidermis (figs. 48, 50). In the mature 
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stem the outermost row of this outer 
cortex, immediately adjacent to the row 
of epidermal cells, consists of scleren- 
chyma cells and will be called the peri ph- 
eral sclerosed cortical layer. The use of this 
terminology in preference to the long- 
established word ‘“‘hypodermis’’ is justi- 
fied below. 

Once the earlier conception of a mul- 
tiple epidermis—the external layer of the 
stem (and of the root and leaf) and the 
layers immediately below it—was super- 
seded by the terminology of “epidermis” 
and “‘hypodermis”’ to designate the same 
tissues, there seemed to be no question as 
to the correctness of the use of the term 
“hypodermis.” Several authors (30, 114, 
149) started the mode in the latter part 
of the past century, and the term is still 
being used in general anatomical litera- 
ture (33, 60) and in descriptions of the 
Bromeliaceae (13, 141), where this layer 
is so pronounced. The term “hypoder- 
mis’? came to mean, in the stem, root, or 
leaf, a layer of supporting or protecting 
cells of any type which lies immediately 
under the epidermis and reinforces this 
layer in some way (33). As ENGARD (37) 
has finally pointed out—and rightly so— 
the hypodermis thus described refers to 
spacial (spatial) relationship with the 
epidermis and not to ontogenetic” rela- 
tionship with the cortex. ENGARD has 
suggested the term “‘cortical scleren- 
chyma’”’ for this tissue, but this is so 
general as to include the sclerenchyma 
caps on the phloem side of the bundles. 
Mez (93), in describing another species 
in the Bromeliaceae, wrote of a “‘sclerosed 
layer” beneath the epidermis. This ter- 
minology has been combined with that of 
ENGarRD to make the peripheral sclerosed 
cortical layer suggested by this writer. 


12 ENGARD wrote specifically of the roots of or- 
chids, but the same reasoning is applicable in de- 
scribing the stems of plants. 
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The cells of this layer do not mature 
until quite late in the development of the 
stem. In the mature portions of the stem 
it consists of two rows of cells distinct in 
type from those adjacent to them. The 
cells inwardly adjacent to the sclerosed 
layer are transitional in type between 
these and the cells forming the inner cor- 


but may often be truncate. In transverse 
sections of the stem these cells appear as 
four- to six-sided polygons. Their walls 
are extremely thick and are profusely 
pitted; the pits are set obliquely and are 
of the simple type. In the basal, older 
portion of the stem the walls are suber- 
ized. 





Fics. 46-47.—Raphides. Transverse, fig. 46, and longitudinal, fig. 47, sections of cortical region of mature 
portion of stem to show raphides cell. Black spots in remainder of parenchyma are starch grains. Notice 


mucilaginous sac surrounding raphides. 


tex. The cells forming the sclerosed layer 
and those of the transitional type make 
up the outer cortex. The cells in the 
sclerosed layers differ in the nodal and 
internodal regions. 

In the internodal region the mature 
cells of the outermost row of the sclerosed 
layer are narrow elongated thick-walled 
cells—sclerenchyma—with the greater 
diameter in the direction of the stem 
axis. They are arranged in regular longi- 
tudinal rows. The end walls are usually 
oblique, or even tapering in some cases, 


The cells in the row adjacent to the 
one just described—the inner row of the 
sclerosed layer—resemble those of the 
outer row in shape, being narrow, al- 
though not so narrow, and elongate, but 
without the thick walls. Instead the walls 
are not much thicker than those of the 
adjacent cortical cells, although they are 
pronouncedly thickened at the corners, 
collenchyma-like. These cells are not, 
however, true collenchyma cells. Cells 
very similar to those in the sclerosed lay- 
er and those beneath it are illustrated 
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in the section describing the subdermal 
cells in the leaf. 

In shape the cells in the next inwardly 
iying rows pass gradually over from the 
narrow elongate type to the typical pa- 
renchyma cells of the inner cortex. All 





[DECEMBER 


tions cut parallel to the surface the cells 
appear as regular or irregular polygons, 
oriented with their long axis in any of 
several directions; or, in such sections 
and in sections cut at right angles to the 
axis, they are isodiametric. As BERGMAN 





Fics. 48-50.—Longitudinal sections of immature portion of stem to show epidermis and cells of outer 
(figs. 48, 50) and inner (fig. 49) cortex. Fig. 48, outer cortex at nodal.region (portion of leaf on left). sb, 


silica body. 


the cells of the outer cortex are without 
starch grains. 

In the narrow zone above the insertion 
of the leaf, with which the leaf base forms 
the node (fig. 8), the sclerosed layer con- 
sists of a single row of cells, with the rest 
of the outer cortex made up of one or 
more adjacent rows of the transitional 
type of cells described above. The shape 
of the cells of the sclerosed layer in this 
region is very diverse; and there is no 
regularity in their arrangement. In sec- 


and WELLER (13) have stated, the juxta- 
position of these groups of cells to one 
another produces a high degree of ir- 
regularity not found elsewhere in the 
stem. The cells forming the sclerosed 
layer in the nodal region are considerably 
larger in diameter than those in the 
internodal region. 

The cells in the transitional zone be- 
tween node and internode show transi- 
tional forms between those in these two 
regions. 
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Eventually the structure of the outer 
cortex is modified by the formation of 
cork tissue; this will be described in a 
later section. 

Passing through the inner ground tis- 
sue of the cortex are: numerous isolated 
vascular bundles which are leaf-trace 
bundles; circumferential bands of vascu- 
lar tissue just beneath the surface of the 
stem and a short vertical distance above 
and opposite the insertion of each leaf (in 
the nodal region of the cortex); and the 
adventitious roots. Although each of 
these differentiated tissue complexes or 
organs are conspicuous features in the 
cortical region, they are to be described 
separately in appropriate sections. 


THE EPIDERMIS 


The epidermis of the stem shows the 
same relationship between form and ar- 
rangement, and location in the nodal and 
internodal regions, as do the cells in the 
peripheral sclerosed cortical layer. 

In the internodal region the epidermal 
cells are usually rectangular or fre- 
quently even square as seen in surface 
view, with the longer dimensions in the 
first case parallel to the stem axis. The 
cells are definitely arranged in vertical 
rows. The walls, primarily those parallel 
to the stem axis, are usually sinuous, a 
characteristic of most mature pineapple 
epidermal cells (fig. 51). In the mature 
cells the inner and radial walls, especially 
the former, are much thicker than the 
outer wall. Each cell contains a silica 
body (fig. 51), another characteristic fea- 
ture of the epidermal cell in the pineapple 
and in most Bromeliaceae. A layer of 
cutin covers the entire surface of the epi- 
dermis in the older parts of the stem." 


'3 A more detailed description of epidermal cells 
in the pineapple plant will be given in the section on 
the leaf epidermis, in which the same features are to 
be found but in a more pronounced manner. 
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In the nodal region the epidermal cells 
are very irregular in shape and arrange- 
ment. They are ellipsoidal, very irregu- 
larly polygonal, or even isodiametric in a 
surface view. In the two former cases the 
greater diameter may be in any of several 
directions. These epidermal cells also 
contain silica bodies, but these are usu- 
ally of a smaller diameter than those in 
the internodal cells. The cell walls are 
smooth and not sinuate, as in the case of 
most internodal epidermal cells (figs. 52, 
54). The inner and radial walls become 
greatly thickened as in the internodal 
cells. 

The cells in the transitional zone be- 
tween node and internode show transi- 
tional forms between those in the two 
regions and have smooth walls (fig. 53). 

An interesting feature of the surface of 
the nodal region of the stem is the usually 
single or sometimes double horizontal 
row of closely set peltate trichomes lo- 
cated just above the “junction” of each 
leaf and the nodal region above it (figs. 
55, 50). These trichomes form soon after 
the development of the leaf primordium. 
They consist of a foot and an expanded 
head portion. Their development is simi- 
lar to that of certain isolated trichomes 
on the leaf and is described in detail in 
connection with the latter. The heads of 
the trichomes on the stem node are not 
of the scutiform type usually found on 
the leaves and considered typical for 
Ananas comosus, but, because of non- 
concentric division and growth of their 
cells, the form is diverse and irregular. 
Usually the margin of the heads is fimbri- 
ate, the peripheral cells forming long 
narrow processes (figs. 55, 56). These 
nodal trichomes develop rapidly and ma- 
ture before the trichomes on the upper 
surface of the adjacent leaf are formed. 
They soon become colored a yellow or 
yellowish brown. 














Fics. 51-56.—Stem epidermis. Surface views in internodal (fig. 51), in nodal (figs. 52, 54), and transitional 


(fig. 53) regions. Fig. 55, double and, fig. 56, 
dermal cells contain silica bodfes. 


single row of trichomes on lower part of nodal region. All epi- 
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Occasionally isolated trichomes are 
found in scattered positions in the upper 
part of the nodal region; these are either 
of the same type just described or of the 
more regular form found on leaves. 
Trichomes are usually not found in the 
internodal region. 

Stomata do not occur in either the 
nodal or the internodal regions of the 
stem. 

THE VASCULAR SYSTEM 

The vascular system in the pineapple 
stem is extremely complex, as it is in 
many monocotyledonous plants; and, al- 
though one may assume that a definite 
system of arrangement exists, it is impos- 
sible at this time to draw a diagram of 
this system, as has been done for so many 
dicotyledonous plants. Work will con- 
tinue on this phase of pineapple anat- 
omy, and it is hoped that eventually such 
a diagram will be available. That this 
system is complex is not surprising. The 
bundles are crowded, with approximately 
eight thousand common bundles (which 
are leaf-trace bundles for about eighty 
leaves) distributed throughout the stem, 
many more bundles making up the 
branch traces for the eighty lateral 
branch buds, in addition to the vascu- 
lar tissue issuing from the bases of the 
many adventitious roots found in the 
stem cortex, and the vascular plexus 
which serves as an intermediary between 
the leaf-trace bundles and the vascular 
strands from the roots. 

The vascular system of the stem con- 
sists, then, of the common bundles which 
are the leaf-trace bundles and the branch- 
trace bundles, the vascular cylinder lying 
between the cortex and stele, and the 
root vascular system. Although these 
parts of the system are all intimately in- 
terrelated, they form rather definite 
units and are treated separately: the 


- 


branch-trace bundles in connection with 
the lateral branch buds, the root vascular 
tissue in the description of the root, and 
the vascular cylinder separating cortex 
and stele in a separate section (p. 190). 
This section will describe the common 
bundles which are leaf traces. 

In an attempt to discover some order 
where at first glance there appeared only 
complete disorder, it was found that the 
common bundles which form the traces 
for any one leaf could be divided roughly 
into three groups which will be desig- 
nated as I, II, and III according to the 
order of their origin and development 
and their consequent course in the stem. 

I. The stem bundle whose prolonga- 
tion forms the central bundle of each leaf 
is the first to develop. Soon after a leaf 
primordium has been initiated in the ter- 
minal meristem of the axis a procambial 
strand is formed in this terminal stem 
tissue. This strand continues into the leaf 
primordium as the central procambial 
strand (figs. 20, 22, 24). Since this first 
bundle of the latest-formed leaf pri- 
mordium develops in the portion of the 
apical meristem of the stem described 
(p. 186) as the summit of the dome of 
apical meristem, its course in the stem is 
principally transverse and gently oblique 
(figs. 20, 22, 24). The large bundles in the 
center of more mature portions of the 
stem belong to this category. 

II. Subsequently formed procambial 
strands, continuing as leaf-trace strands 
in this leaf primordium, originate after 
the next successive leaf primordium is 
initiated. In the interim between the ini- 
tiation of this youngest leaf and the now 
second youngest leaf primordium, the 
latter is moved back from the apex. In 
this second youngest leaf the procambial 
strands which now originate laterally to 
the central strand described above are 
prolongations of procambial strands still 
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originating and developing in the ter- 
minal apical meristem of the stem, but 
on the inside of the slope of the meri- 
stematic dome, so that their course is less 
transverse and more oblique. Strands 
formed subsequent to these, continuing 
into the same leaf, develop at distances 
further and further from the center of the 





Fic. 57..-Schematic drawing showing course of 
typical leaf trace bundles in monocotyledonous 
stems, adapted from ARBER (2). On left side, pro- 
gressive development of leaves (numbered 1-5 on 
right side) and corresponding leaf traces (a-e on 
right side) followed through three stages (I-III). 
These are bundles differentiated within conical 
sheath of meristematic tissue between cortex and 
stele, indicated by broken line. On right side, pecul- 
iar curvature of bundle course as result of this type 
of development. 
stem, since the meristematic tissue is 


pushed toward the periphery of what is 
to constitute the stele; this meristematic 
zone in which procambial strands are 
found becomes an ever narrower zone as 
the central tissue of the stem is differenti- 
ated. These later-formed bundles follow 
a course more and more steeply oblique 
as the slopes of the meristematic dome 
become steeper. It is the bundles in this 
category (IL) which have the peculiar in- 
ward and outward curvature of mono- 
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cotyledons, first described by von Moni 
(ror) and ScHouTE (124), and for the 
first time successfully illustrated by 
ARBER (2). The inward curvature is the 
result of the procambial strand conform- 
ing to the curvature of the inner side of 
the hollow dome of meristematic tissue 
in which it is laid down. The outward 
curvature is the result of elongation of 
the stem accompanied by an increase in 
diameter of the stem. This curvature in 
the pineapple stem is similar to that 
illustrated in figure 57. 

III. The last-formed bundles of the 
leaf are initiated between earlier-formed 
ones and those which finally develop at 
the margins of the leaf; they are, in most 
cases, projections of bundles formed in 
the cortex. These cortical bundles usually 
anastomose with stelar bundles as the 
latter pass through the cortex. 

This recognition of a difference in 
course of bundles dependent upon time 
of development helps in a broad interpre- 
tation of the vascular system in the pine- 
apple stem but gives no details as to the 
modifications in the course of individual 
bundles incident to the leaves arising in 
spiral succession and to other variations. 
These details can be worked out only 
after a great deal more study. 

A little may be said about the course 
of individual bundles and their structure. 
To facilitate some of the following de- 
scriptions of bundle courses, a series of 
three-dimensional drawings shows some 
of the various courses (fig. 58). The first- 
formed bundle of a leaf passes through 
the cortex and a leaf gap in the vascular 
cylinder between cortex and stele at an 
angle but proceeds toward the center of 
the stele in an almost horizontal plane 
owing to its origin (already described). 
At the center of the stele it anastomoses 
with similar bundles from other leaves. 
Ina radial section of a stem these bundles 
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Fic. 58.—Three-dimensional drawings of stem sections to show courses of individual bundles 














These ar 
described in the text, pp. 202 ff. /b, leaf base; cvt, circumferential band of vascular tissue; vm, vascular net 
work at boundary between cortex (c) and stele (s); /bb, lateral branch bud. 
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in this part of the stem are therefore cut 
in cross section (fig. 104). 

The larger of the median bundles in 
the leaf, lateral to the one just described, 
pass through the cortex into the stele at 
an angle of about 45°, through leaf gaps 
(fig. 58D1), and continue still obliquely 
to the center or near the center of the 
stem, before turning downward and out- 
ward in a broad curve toward the periph- 
ery of the stele. As the lower ends of these 
bundles approach the network of anas- 
tomosing vascular strands which form 
the vascular cylinder at the periphery, 
they continue for some distance down- 
ward, almost parallel to it, before ac- 
tually approaching nearer and anasto- 
mosing with its elements. Although these 
large median bundles sometimes follow 
the course just outlined entirely isolated, 
the usual thing, as is characteristic for 
Bromeliaceae (40, 154), is for such 
bundles to anastomose with bundles from 
other leaves, in either the cortical or the 
stelar region (figs. 58H, F, G). Such a 
median bundle, on leaving the leaf, fre- 
quently anastomoses in the cortex with 
a median bundle from the leaf in the 
spiral turn below before the consolidated 
bundle enters the stele (fig. 58), or two 
marginal bundles from leaves in two suc- 
cessive spiral turns will first anastomose 
with each other and the combined vascu- 
lar elements from these two join a me- 
dian bundle from a leaf in the next turn 
below the second of the two leaves just 
mentioned. After this second anastomosis 
in the cortex the consolidated bundle en- 
ters the stele. In its curved course 
through the stele this consolidated 
bundle usually anastomoses with one or 
more bundles. 

The larger of the marginal bundles of 
the leaf may enter the stele directly (fig. 
58D2), but more frequefitly they anasto- 
mose in the cortical region with a median 
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bundle from a leaf in the next turn below 
(described above) or, even more fre- 
quently, at a much lower level. BERc- 
MAN and WELLER (13) wrote of these 
bundles distributed through the cortex 
as constituting a bundle system distinct 
from those of the central cylinder, since 
they do not enter the stele until after 
they have united with another leaf-trace 
bundle in a lower part of the stem. These 
authors also wrote that, before these 
lateral leaf traces take their downward 
course through the cortex, they “turn 
upward through a distance not greater 
than the thickness of the leaf, deflect 
laterally for a distance of several milli- 
meters and then (proceed) downwards.” 
This is true for most but not all the mar- 
ginal bundles, and is also true for some of 
the smaller median bundles; in other 
words, most of the later-formed bundles 
show this deflection. Those portions of 
the bundles which are deflected are part 
of the circumferential bundles described 
as occurring in the nodal region of the 
cortex (p. 174 and figs. 584, B, 59, 60). 
The other bundles in the circumferential 
band of vascular tissue are branch traces; 
these will be described in the next section 
in connection with the lateral branch 
buds. 

Differentiation within the procambial 
strands, once they are formed in the 
apical meristem, proceeds rapidly. The 
protoxylem is the first part of the bundle 
to become differentiated; the first ele- 
ments of this tissue to be formed are the 
annular cells, with spiral cells appearing 
later. The formation of the metaxylem 
follows very closely upon that of the 
protoxylem; it consists of scalariform 
tracheids and scalariform- and reticulate- 
pitted porous vessels, i.e., vessels with 
scalariform- and reticulate-pitted walls 
and simple perforations. In the fully de- 
veloped bundle the xylem portion con- 
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sists of the protoxylem made up of the 
remnants of the ruptured annular and 
spiral cells and the resulting protoxylem 
lacunae—these may be very small or 
even absent in the stem bundles, in con- 
trast to the large lacunae found in the 
bundles in the leaf; the metaxylem, con- 
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they are derived. The metaphloem is 
formed after the metaxylem and consists 
of sieve tubes and companion cells. The 
cells of the protophloem are early 
crushed, and their identity lost. The 
metaphloem forms a circular or oval 
figure in cross section (figs. 61-64). 





Fics. 59-60.—Fig. 50, longitudinal section of peripheral portion of stem near leaf (/) base to show cross- 
sectional view of circumferential band of vascular tissue, consisting of deflected leaf traces and axillary bud 
bundles. Fig. 60, transverse section of stem in same portion of stem to show longitudinal view of band. in, 
internode, and n, node; p, phloem, and x, xylem portions of bundles in band. 


sisting of a varying number of scalari- 
form tracheids and and 
reticulate-pitted vessels which are ar- 
ranged rather irregularly as seen in cross 
sections of the bundles; and the accom- 
panying parenchyma (figs. 61-64). Vari- 
ations of the above described tissues in 
various regions of the stem will be pre- 
sented later. 

The protophloem is differentiated af- 
ter the protoxylem; its cells differ little 
from the procambial cells from which 


scalariform- 


The development within the bundle 
described above proceeds in a centripetal 
manner, the metaxylem and metaphloem 
each being formed from the adjacent pro- 
cambial portion of the strand which re- 
mains between the protoxylem and pro- 
tophloem. In the mature bundle the 
xylem and phloem portions are usually 
separated by a row or two of parenchy- 
ma cells (figs. 61, 63). 

Adjacent to the phloem side of the 
bundle a group of narrow elongate thin- 











Figs. 61-62.—Cross (fig. 61) and longitudinal (fig. 62) sections of vascular bundle in stem. x, xylem, ?, 
phloem elements; ps, parenchyma sheath cells. Individual elements in bundle described in text (pp. 204 ff.). 
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walled cells are early differentiated, but 
these cells do not mature until late in the 
development of the stem. These cells, 
when mature, form a crescent-shaped 
fibrous subsheath or “‘cap” which is of 
great mechanical importance (figs. 63, 
64). The cells are sclerenchyma and when 
mature are dead and without a proto- 
plast. In cross section they are irregular 
polygons with four to seven sides. The 
walls become greatly thickened; often 
they are so thick that the lumen may be 
but a mere channel through the center cf 
the fiber. The thickening layers on the 
inside of the walls are deeper at the 
angles of the cell so that the lumen is cir- 
cular or oval in cross section instead of 
angular. The lumen is divided at inter- 
vals by septa. These dividing plates are 
thin and of cellulose, in strong contrast to 
what become the heavily lignified or su- 
berized walls. That these are septa and 
not cross walls is shown by the lack of 
secondary walls corresponding to those 
on the lateral walls and by the fact that 
the middle-lamella-like septum does not 
extend to the middle lamella of the side 
walls but ends at the surface of the sec- 
ondary wall. The lateral walls are pro- 
fusely pitted in contrast to the cells 
which form the fibrous sheaths of the 
vascular bundles in the leaf. The ends of 
these sclerenchyma cells taper gradually, 
the tapered portion of one adjoining cell 
overlapping that of the next. 

All bundles in the stem are essentially 
of the same general type just described, 
being collateral, with the phloem toward 
the periphery of the stem, except in those 
cases where the bundles are twisted, as 
frequently happens. Deviations from the 
more normal structure and orientation 
will be noted in the following descriptions 
of portions of bundles in different regions 
of the stem. 

The bundles cut in the center of the 


stem are the largest and most widely 
spaced. As stated previously, these are 
the first-formed leaf traces. In cross sec- 
tion these bundles are greatly elongated 
ovals or ellipsoids. Frequently the scler- 
enchyma cap on the phloem side is im- 
mense (fig. 63). Two or more of these 
bundles anastomose to form a large con- 
solidated mass of vascular elements (fig. 
65). In this case there is a juxtaposition 
of the xylem and phloem elements from 
the anastomosing bundles and, conse- 
quently, a deviation from the normal 
relative positions of these two tissues. 

The bundles cut near the periphery of 
the stele constitute the lower ends of 
many of the leaf-trace bundles. These are 
cut in that portion of their course de- 
scribed as parallel to the vascular cyl- 
inder. Here they are more crowded and 
smaller in diameter, usually being nearly 
circular in cross section. The number of 
vascular elements is greatly reduced in 
this portion of the bundle; it has but one 
to four tracheids and eight to twelve 
sieve tubes and accompanying compan- 
ion cells. This portion of a bundle is, fur- 
thermore, without the large fibrous cap 
described for the large central bundles. 
In more mature portions of the stem, 
however, these small peripheral bundles 
may have either a small or a large fibrous 
cap on the phloem side, although never 
so large as in the case of the bundles in 
the central portion of the stem. 

The bundles in the cortex closely re- 
semble those in the stele; with the excep- 
tion of the bundles wholly cortical, they 
are continuations of the same vascular 
tissue. Near the inner limits of the cortex, 
bundles of the smaller circular type found 
at the periphery of the stele are present 
(figs. 66, 67). There is frequent anasto- 
mosing of bundles in the cortex, as al- 
ready mentioned; in this case there is 
juxtaposition and consolidation of ele- 
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Fics. 63-64.—Cross (fig. 63) and longitudinal (fig. 64) sections of vascular bundle shown anastomosed 
with smaller bundle. p, phloem; x, xylem; bp, parenchyma cells in bundle separating xylem from phloem in 
larger bundle; p:, x1, and bp,, are same tissues in smaller bundle. fs, fiber sheath on phloem side of bundle; 
se, Spiral elements of xylem; st, sieve tubes of phloem; 2, vessels. 
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65.—Transverse section of immature portion of stem to show anastomosing bundles (leaf traces) 
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ments as described for such bundles in 
the stele. 

In the more mature portion of the 
stem those bundles, both large and small, 
cut in both cortex and stele showed an 
endodermal sheath around the xylem 
portion of the bundle. The cells forming 
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pitted, the pits being simple, with the 
apertures tending to be elliptical in out- 
line in face view. The longer axis of the 
pit aperture is usually oblique. The walls 
of the cells become lignified. These endo- 
dermal sheath cells are illustrated in the 
section on leaf bundles. 





Fics. 66-67.—Cortical bundles. Cross sections of bundles in inner cortex at early stage of development: 
st, sieve tubes; cc, companion cells; cpc, cortical parenchyma cell; psc, parenchyma sheath cell; bst, same, with 
tannin. In fig. 67, bundle has only phloem cells (sieve tubes and companion cells). 


this sheath were not recognized as such 
by this writer until similar endodermal 
sheaths were found in the bundles in the 
leaves. There they are more distinct and 
surround both the xylem and_ the 
phloem. 

The cells of this endodermal sheath in 
the stem bundle are about one-third as 
long as those in the fibrous cap and with 
a somewhat greater cross-sectional diam- 
eter. In cross section these cells form 
polygons. The walls are thick when the 
cells are mature but not'so thick as those 
of the fibrous cap cells. The walls are 


The lateral branch, or axillary, buds 


In the pineapple a bud of a lateral 
branch, or axillary shoot, occurs in the 
axil of each leaf. Such an axillary bud is 
situated in the median plane of its sub- 
tending leaf. In a plant of the age under 
consideration—just before floral differen- 
tiation—the development of these buds 
is in an arrested state. After floral dif- 
ferentiation, growth of many of them is 
resumed, although only a small number 
of the total formed, and usually only 
those near the apex of the stem, develop 
into full branches capable of bearing 
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fruit; the remainder are then considered 
dormant buds. 

The buds are greatly flattened as a re- 
sult of being tightly appressed between 
leaf base and stem. Frequently a depres- 
sion in the leaf occurs (fig. 68G); this re- 
sembles the bud furrow or eye groove in 
the internodal region of the sugar cane 
stem (5). This depression is no doubt a 
result of the pressure of the bud on the 
young tissue of the basal portion of the 
leaf during its development. 


width at the base about 5 mm. The buds 
near the base of the stem are about the 
same size, but the tip of the prophyll is 
open and flared (fig. 68£) instead of 
blunt-pointed. 

On the central portion of the stem, 
where the buds are largest, they are elon- 
gated, with the tip of the prophyll open 
and flared (fig. 68/). The height is about 
2 cm., and the width at the base about 
1 cm. These buds are especially char- 
acterized by the fact that their greater 





Fic. 68.—Lateral branch buds. Variation of bud types on different parts of stem: A, most typical type 
of bud; B, prophyll removed to show form; C, longitudinal section of most typical type of bud; D, bud near 
apex; E, bud near base; F, bud on central part of stem; G, leaf removed and bud cut off at base to show bud 


furrow. 


The buds are smallest in the basal and 
apical portions of the stem; in the first 
case, because their growth is arrested at 
an early stage and because they remain 
as such during the lifetime of the plant 
unless otherwise stimulated;'* in the 
latter case they occur near the growing 
region of the stem and are thus in an 
early stage of development. The smaller 
buds near the apex of the stem are ovate 
in shape, with blunt-pointed apices" (fig. 
68D). The height of these buds from base 
to tip is approximately 3-5 mm., and the 


‘4 The exception to this is the natural but infre- 
quent growth of one or more of the basal buds at or 
below the soil surface to form a sucker. 


size—height—over that of the basal and 
apical buds is not the result of an actual 
increase in size of the bud as a whole but 
only in that of the prophyll. 

The prophyll of the more typical 
branch buds of the pineapple, i.e., those 
which normally develop into full branches 
(fig. 684), consists of an anterior or front 
side composed of two overlapping halves 
(both right- and left-handed overlapping 


's The terminology used in the description of the 
lateral branch bud of the pineapple is for the most 
part the same used by ARTSCHWAGER (5) for sugar- 
cane buds. The buds in the two plants resemble each 
other‘in many respects and are of a type rather typi- 
cal of monocotyledonous branch buds in general, 
from descriptions by ARBER (2). 
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occurs), and the relatively short (in 
height) posterior side which is entire and 
basally limited by a curved line which 
marks its attachment to the nodal tissue. 
When removed in its entirety, the pro- 
phyll forms a kind of asymmetrical hood 
(fig. 68B). The junctures of the anterior 
with the posterior sides form two keels. 
There are no definite wings on the bud 
prophyll of the pineapple—it is without 
flattened and attenuated keels—as there 
are on the sugar-cane prophy}ls. 

At the tip of the prophyll, in the region 
where the two overlapping halves of the 
anterior side unite, there occurs a kind of 
opening in the form of a slit. ARTSCHWA- 
GER (5) named this the “germ pore” 
in the sugar-cane prophyll. This is unfor- 
tunate, since this term is already used to 
describe a pit in the surface of a spore 
envelope through which the germ tube 
makes its appearance (67). This struc- 
tural feature of the prophyll represents, 
of course, the opening through which the 
foliar organs of the branch push when 
growth is resumed. 

The edge of the overlapping half of the 
anterior side is drawn out to form a mem- 
branous margin; this extends from just 
below the tip of the prophyll, from the 
slit opening just described, downward to 
its base. This membranous margin does 
not terminate in an appendage, i.e., as a 
Jatera] expansion, as it does frequently in 
the sugar-cane prophyll. The margin is 
narrowest near its distal end; it is ap- 
proximately the same width the rest of 
its length. 

The internal anatomica) structure of 
the prophyll resembles that of a very 
young leaf or the base of a developing 
true leaf in almost all respects (leaves 
will be described in detail in the next sec- 
tion). A transverse section cut through 
the bud shows that the prophyll has a 


single row of vascular bundles, larger 
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ones alternating with smaller ones. This 
row stretches from near the margin of one 
half of the anterior side, through the pos- 
terior side, to the margin of the other 
half of the anterior side, and is located 
approximately midway between the two 
epidermis (fig. 74). There is no distinct 
median bundle in the pineapple prophyll, 
as there is also none in the true leaves of 
the main axis. Some authors have main- 
tained that this two-keeled type of 
prophyll, with no conspicuous median 
bundle, represents the fusion of two 
foliar members; STRASBURGER (146), for 
example, wrote that in monocotyledons 
there is a bracteole; this is frequently 
two-keeled, and, as such, it must be re- 
garded as arising from the union of two 
bracteoles. ARBER (2) felt that, although 
this theory appeared plausible at first 
glance, it does not survive a critical study 
so well as the older interpretation that 
the prophyll is a single leaf. According to 
the latter explanation, the two-keeled 
form and the lack of a midrib result from 
the fact that, as the prophyll develops, it 
is compressed between the main axis on 
the one side and the axillant leaf on the 
other. ARBER believed that the most tell- 
ing evidence in support of this view is the 
vascular system of prophylls; this is con- 
firmed by a study of pineapple prophylls. 
The vascular bundles have the same gen- 
eral structure as those of the true leaves 
but are smaller in cross section and have 
fewer elements. 

Alternating with the vascular bundles 
are aerating canals, similar to those in 
the true leaf of the main axis; they have, 
however, a very much smaller cross sec- 
tion and contain very few stellate cells. 
A single row of isolated fiber strands, 
consisting of a few rows of fibers each, 
occurs between the row of vascular 
bundles and each epidermis. The ground 
tissue of the prophyll consists of the type 
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Fics. 69-73.—Successive transverse sections through prophy]] from near tip to near base, to show 
internal structure. ra, raphides cell; sb, silica body; avf, anastomosing bundles near tip; sl, subtending leaf 


of bud. 








214 


of parenchyma found in the young true 
leaf and in the basal portion of older true 
leaves: the cells are subglobose, appear- 
ing almost circular in transverse sections 
and in sections cut parallel to the surface, 
and more or less elongated in the direc- 
tion at right angles to the prophyll axis. 
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dermal layer consisting of narrow elon- 
gated cells with thick walls, of the type 
found in true leaves, is also present. 
Stomata and peltate scutiform trichomes 
occur on the outer surface of the prophy]l 
—this corresponds to the lower side of 
the true leaf on the main axis. Trichomes 





Fics. 74-75.—Transverse sections of lateral branch bud to show prophyll (p); transitional leaves (¢/, th, 
il,, in order formed); true lateral branch leaf (/); lateral branch apical meristem (ba); subtending leaf (s/); 
main axis (ma); margins of anterior side of prophyl]l (pm). 


These cells are filled with starch grains. 
Cells with raphides appear here and there 
in this ground tissue. 

The cells of the epidermis resemble 
those of the true leaf on the main axis, 
being square or rectangular in surface 
view, with sinuous walls. A silica body is 
found in each of these cells. The walls 
show the same type of thickening as in 
the true leaves, the lateral and inner 
being thicker than the outer walls. A sub- 


also occur on the inner surface of the 
prophyll; this corresponds to the upper 
side of the true leaf. Both the stomata 
and the trichomes resemble those on the 
true leaves. 

The bud proper, i.e., the apical grow- 
ing-point and leaves of the lateral branch, 
are inclosed within the prophyll. There 
is some question whether the next few 
successive foliar organs inclosed within 
the prophyll are true foliage leaves, scale 
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leaves, or bud scales. BERGMAN and 
WELLER (13), writing of much older 
branches but of comparable foliar indi- 
viduals, described a series of small leaves 
which they called “scale leaves’; these 
increase gradually in size up to normally 
developed foliage leaves. The usual in- 
terpretation of scale leaves is that of 
early leaf forms of a shoot such as bud 
scales, which in turn are designated as 
the coverings of a bud (67). Both terms 
would cover the organs under considera- 
tion but are certainly not specific. If they 
are true foliage leaves, they show such 
modifications in outward form as their 
development within the prophyll, tightly 
appressed between leaf base and stem, 
would bring about—the presence of one 
or two keels (figs. 74, 75). Lonay (89) 
called these organs “foliage leaves’ on 
the axillary buds of the monocotyledon- 
ous plant he described and ascribed their 
form solely to pressure. They might best 
be called intermediate or transition forms 
between the prophyll and the true foliage 
leaves. The distinction between bracts or 
scale leaves and true foliage leaves has 
never been made very clear; some au- 
thors have considered the former as mod- 
ified leaves, the modification being one 
chiefly of size. Other authors have writ- 
ten that the internal structure is also dif- 
ferent, being simpler than that of the 
foliage leaf. However, when a foliar organ 
passes from the category of bract to that 
of true foliage leaf is not very clear. 

In the pineapple axillary bud, the in- 
ternal structure of the next foliar organs 
resembles that of other young leaves on 
the main axis (figs. 68C, 74-76). 

The apical growing-point of the lateral 
branch is similar to that of the main axis. 
The ontogeny of the lateral branch will 
be included in the description of its 
vascular system below. 

Until the lateral branches expand after 


floral differentiation of the main axis, 
their leaves remain prechlorophyllous, 
and the bud must therefore depend upon 
the leaves on the main axis for its food 
supply. Even after the lateral branch 
elongates and its leaves contain chloro- 
phyll, thus becoming photosynthetic 
units themselves, the water and mineral 
supply must come by way of the main 
axis until the adventitious roots of the 
branch emerge and are capable of ab- 
sorbing these materials collected in the 
axils of the subtending leaves. At best 
this axillary supply is somewhat limited, 
and the main axis continues to be the 
path of mineral and water supply. Be- 
cause of the rather extended dependence 
of the lateral branch upon the main axis, 
the vascular connection between the two 
is interesting. 

In the differentiation of tissue in the 
apex of the main axis a group of cells in 
the axil of each leaf remains meristematic 
(fig. 33). From this meristematic tissue 
the bud of the lateral branch is initiated 
(fig. 34). In its earliest stages this re- 
sembles the earliest stage of leaf pri- 
mordium formation in so far that a pro- 
jection is pushed beyond the surface of 
the main axis. However, from this stage 
the two types of primordia differ in that 
the apical growing-point of the branch 
bud is, of course, capable of initiating 
foliar organs; the first of these is the 
prophyll. 

In the development of the branch bud 
the apical growing-point is far less domi- 
nant than in the main axis. There is little 
elongation of the branch axis, whereas 
the prophyll and subsequently initiated 
leaves elongate, if slowly, over a consid- 
erable period before growth is arrested 
(figs. 68C, 76). Also, there is not quite the 
same association between the initiation 
of a leaf primordium, and the formation 
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of the first procambial strand in it and in 
the apical growing region of the branch 
axis as there is in the main axis. Pro- 
cambial strands in the bud leaves become 
prolongations of procambial strands in 
the stem of the main axis, so that the 
entire vascular system of the branch bud 
becomes continuous with the bundles in 
the main axis. The bundle supply enter- 
ing the branch is from two sources: a 


Fic. 76. 


Longitudinal section, slightly oblique, of lateral branch bud. am, apical meristem; 
cambial strand, entering bud from circumferential band of vascular tissue (cvf); p, prophyll; s/, subtending 
leaf torn off. 
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large group of bundles which enters di- 
rectly from the center of the main axis 
(fig. 58C), and a leaf supply coming from 
a band of circumferential bundles just 
below the surface of the main axis and 
partly just above and opposite the zone 
of attachment of the leaf on the main axis 
(figs. 59, 60). The lateral limits of each 
band are determined by the marginal 
limits of each subtending leaf, i.e., the 
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band of vascular bundles extends the 
same distance around the circumference 
of the stem as does the leaf inserted im- 
mediately below it. This band of bundles 
is composed of various bundles deflected 
laterally from their otherwise “‘normal”’ 
course: bundles from the subtending leaf 
or the leaf above or from various regions 
of the stele. 

After the branch resumes growth, fol- 
lowing floral differentiation of the main 
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axis, the usual independent vascular sys- 
tem develops as well. 

Before leaving the subject of the lat- 
eral branches on the main axis of the 
pineapple, this writer wishes to comment 
on the unfortunate use by pineapple field 
men of the term “sucker” for these 
branches. Botanically they are shoots 
and should be called that; a sucker is a 
shoot of soil surface or subterranean 
origin. 





ANATOMY AND HISTOLOGY OF THE PINEAPPLE 
INFLORESCENCE AND FRUIT’ 


MARION C. 
Introduction 

The collective fruit of pineapple, 
Ananas comosus (L.) Merr., has not 
hitherto received the anatomical study 
that its botanical interest and economic 
importance seem to justify. Taxonomists 
who have presented brief descriptions of 
the flower and fruit of pineapple in com- 
parison with those of other members of 
the Bromeliaceae include BEER (4), 
WITTMACK (25), BAKER (3), MEz (17, 
18), Harms (11), and SmirH (24). Of 
these, Witrmack, Mez, and HArs have 
considered the general floral character- 
istics of the family in more detail. Work- 
ers in other fields who have described 
some features of the flower or fruit in- 
clude HuME and MILLER (14), who com- 
pared several varieties; KERNS, COLLINS, 
and Kim (15), who traced inflorescence 
development; and Smperis and Krauss 
(21), who studied growth phenomena. 


' Published with the approval of the Director as 
Technical Paper no. 177 of the Pineapple Research 
Institute of Hawaii, Honolulu, T.H. 
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None of these workers has presented a 
comprehensive interpretation of mor- 
phology and anatomy based upon a 
study of the vascular system; none has 
studied the histology of the flower and 
fruit. 

The present study is concerned with 
the gross morphology, vascular anatomy, 
and histology of internal structures of in- 
florescence and fruit. No attempt is made 
to trace the ontogeny. Smooth Cayenne, 
the variety commercially grown in 
Hawaii, was used for this study. 


Observations 


GROSS MORPHOLOGY OF INFLO- 
RESCENCE AND FRUIT 


The strobiliform collective or multiple 
fruit of pineapple develops from numer- 
ous sessile flowers that are connate with 
their subtending bracts and with one 
another (figs. 1, 2). Its axis, a continua- 
tion of the peduncle, is a fibrous stem 
which contains the many vascular bun- 
dies that supply the flowers and bracts 
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and which is continuous with the short 
stem of the leafy crown. Between the 
uppermost flower and the crown is a 
transition region with bracts but no 
flowers. The cortex of the axis cannot be 
distinguished from the bases of the 
ovaries and the noncarpellary tissues be- 
tween them, for all merge with no 
recognizable lines of demarcation. The 
edible part of the fruit consists chiefly of 
ovaries and of the bases of sepals and 
bracts and, from the morphological view- 
point at least, of the cortex of the axis. 


BASE OF CROWN 

SHELL 

OVARY 

SEPAL AND BRACT BASES 


INFLORESCENCE AXIS, 
THE CORE 


CORTEX OF THE CORE 


THEORETICAL LIMIT OF THE 
CORTEX OF THE CORE 


.PEDUNCLE 





CORTEX OF THE 
PEDUNCLE 








—Gross morphological structure of pine- 
apple inflorescence. 


The firm rind of the fruit, known as the 
“shell,” is composed chiefly of sepal and 
bract tissues and the apices of the 
ovaries. 

The horticulturally important varie- 
ties are parthenocarpic and self-incom- 
patible, but most of them will set seed 
when cross-pollinated. 

The one hundred to two hundred 
flowers are aligned in three series of 
spiral rows typical of an 3 phyllotaxy in 
contrast with the foliar phyllotaxy of ;°s 
(15). Flowering occurs in acropetal se- 
quence with one to several flowers open- 
ing each day during 3-4 weeks, depend- 
ing on the number of buds present. 

FLOWER AND BRACT.—The_ herma- 
phroditic flower is trimerous, with three 
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sepals, three petals, six stamens in two 
whorls of three, and one tricarpellary 
pistil (figs. 4, 10). Each flower (fig. 5) is 
subtended and, at its base, half-sur- 
rounded by a bract that is thick and 
fleshy below but tapers to a slender, 
papery thin tip. Parts of three other 
bracts complete the enclosure of the 
flower. The margins of the bract are 
serrulate below but entire above, and its 
abaxial surface is clothed with peltate 
trichomes of the type common to pine- 
apple leaves (19). 

The calyx, distinct above and synsep- 
alous at the base (fig. 6), projects 
vertically beyond the ovary. The sepals, 
appearing similar to the bract in struc- 
ture, color, and texture, are deltoid and 
nearly equal in height. Aestivation is 
more often convolute than imbricate, but 
both types are present on the same in- 
florescence. 

The linguiform petals, white at the 
base and violet or purplish-blue beyond 
the calyx, are ligulate with two fleshy 
scales at the base on the adaxial surface 
(fig. 7). Aestivation is imbricate with the 
uppermost petal wholly internal. One 
day after anthesis the petals become soft 
and pink and begin to twist about one 
another. 

The stamens of the outer whorl are 
episepalous. The inner, opposite stamens 
are epipetalous, with each filament base 
nearly surrounded by (but not fused to) 
the two fleshy scales of the petal. 
Stamens of the two whorls are approxi- 
mately equal in height, shorter than the 
style, and the petals but slightly longer 
than the sepals. The fleshy filaments vary 
in cross section from subcircular to el- 
liptical or sometimes almost triangular. 
The anthers are introrse, dorsifixed, and 
two-lobed, each lobe containing two 
elongate pollen sacs with numerous, 
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finely sculptured, oval pollen grains. The 
pollen is released early in the morning by 
a longitudinal dehiscence the 
adaxial side of each lobe. 

The three pale-violet stigmas, each 
15 to 25 mm. long, flare from the top of 
the style. Each is irregularly linear, 
flattened and leaflike at the apex, but 


along 
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The inferior ovary is tricarpellate and 
trilocular, with the three septa forming 
an inverted Y as seen in a tangential sec- 
tion of the inflorescence (figs. 3, 8). 
Ovaries of adjacent flowers are separated 
by noncarpellary parenchymatous tissue 
consisting largely of calyx and bract 
bases. Limits of the ovary wall cannot be 





Fics. 2-3.—Inflorescences at middle of flowering with unopen buds above and withered flowers below 
open blossoms. X 2/3. Fig. 2, median longitudinal section. Fig. 3, tangential section exposing transverse sec 
tions of individual flowers. (Photographs by Mamoru Isuti.) 


folded adaxially below, then narrowed 
until it merges with its lobe of the style. 
Its receptive adaxial surface is continu- 
ous with the lining of the stylar canal. 

The style, almost as long as the petals, 
is fleshy and three-lobed, with three dis- 
tinct stylar canals. At preblossoming and 
flowering stages each canal is an unob- 
structed open channel from the stigma to 
the opening in the locule directly above 
the placenta. This is easily demonstrated 
by applying a droplet of India ink to the 
stigma prior to anthesis. 


determined precisely because of com- 
plete fusion with noncarpellary tissues, 
but several lines of evidence, including 
inward extension of effects of toxic 
chemicals applied to bracts and sepals, 
indicate that ovary walls are thin and 
that the bulk of parenchyma between 
ovaries consists of basal tissues of four 
bracts (the subtending bract and parts 
of three others) that completely sur- 
round each ovary. The apex of the 
ovary is cone-shaped. 

Usually anatropous but occasionally 
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Fics. 4-17.—Legend on facing page 
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orthotropous ovules are borne in two 
rows on the axile placenta near the top 
of each locule (figs. 8-10). The number 
ranges from fourteen to twenty per 
placenta. The ovules ordinarily remain 
immature and abortive. Seeds which 
rarely develop except after cross-pollina- 
tion with other varieties are approxi- 
mately 3-5 mm. in length and 1-2 mm. 
broad. The seed coat is brown, coria- 
ceous, and roughened by longitudinal 
ridges. Mites THomas and Homes (19) 
have studied the seed structure. 

Each pineapple flower normally con- 
tains three large internal nectaries or 
septal glands, one in each septum, which 
extend almost to the base of the ovary. 
First described in certain monocotyledons 
by BRONGNIART (6), such glands are now 
known to occur in several families of the 
Liliiflorae and Scitamineae (1, 2, 6, 7, 
10, 20). From studies of the Brome- 
liaceae by BRONGNIART (6), GRASSMAN 
(10), SCHNIEWIND-THIES (20), and es- 
pecially by BupNowskI (7), who dealt 
with at least eighty-nine species, it is 
probable that septal glands occur uni- 
versally in this family. BUDNOoWSKI re- 
ported them in Ananas bracteatus 
(Lindl.) Schultes, a species very close to 
A. comosus, but the presence of such 
glands in the latter appears to have been 
overlooked by those working with this 
fruit. 

Each gland consists of an epithelial 
layer covering a considerable portion of 
the abutting walls of two adjacent 


carpels. Ontogenetically, these walls 
have not fused (10), thus leaving a nar- 
tow fissure which becomes the cavity of 
the gland. The glands are secretory 
chiefly in the lower half of the ovary 
where the three glands join (fig. 12). 
Above the middle they become progres- 
sively flatter and narrower (figs. 13, 14), 
and, finally, above the placentas, they 
separate, becoming slender tubelike 
ducts (fig. 15) which open on the surface 
of the cone-shaped apex of the ovary 
(figs. 10, 11) in the blossom cup. These 
ducts were referred to as “intercarpel- 
lary fissures’ by KERNS ef al. (15) in 
their plate IVA. 

During anthesis the nectar flows from 
the gland through the three ducts into 
the blossom cup. When nectar secretion 
is heavy, it may rise to the mouth of the 
corolla tube or may seep laterally be- 
tween petals and sepals and collect on 
sepal or bract surfaces. The flow nor- 
mally increases in volume till midday 
or early afternoon, after which it gradu- 
ally subsides. 

Mature FRuIT.—Growth from blos- 
soming inflorescence to mature fruit- 
about a twenty-fold increase in weight— 
results in various changes in structure 
and proportion of the floral parts (figs. 
10, 11). There is no floral abscission, and, 
except for the withering of the style, 
stamens, and petals, the entire blossom 
develops into a fruitlet. The bract, sepal, 
and ovary tissues (including the glands) 


Fics. 4-17.—Fig. 4, floral diagram. Fig. 5, flower and subtending bract. X 1. Fig. 6, corolla and calyx. X1. 
Fig. 7, petal with scales and opposite stamen. X1. Fig. 8, cross section of ovary on level of placentas. X 2. 
Fig. 9, face view of placenta and part of carpel wall bearing it. X 2. Note stylar canal opening above placenta. 
Fig. 10, longitudinal section of flower and bract. Approx. <1. Fig. 11, longitudinal section of mature fruitlet. 
X1. Figs. 12-15, septal glands. X10. Fig. 12, three glands, joined in center, at base of ovary. Fig. 13, glands 
below placental level. Fig. 14, glands at level of placentas. Fig. 15, three ducts at apex of the ovary. Figs. 
16-17, diagrams of vascular system of flower. Fig. 16, longitudinal section. Fig. 17, vascular system split 
longitudinally and spread out in one plane. BL C, blossom cup; BR, subtending bract; BR’, bract of adjacent 
flower; D, dorsal carpellary bundle; DU, nectary duct; GL, septal gland; LO, locule; O, ovary limit; P, petal; 
PL, placenta; S, sepal; ST, episepalous stamen; ST’, epipetalous stamen; STY, style; V, ventral supply; 


VB, vascular bundle. 
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are prominent structures in the mature 
fruit. 

The large, conspicuous bract is fleshy 
and widened at its base and bends over 
the flattened calyx surface, covering one- 
half of the fruitlet. The papery tip is dry 
and light brown. 

The enlargement of the calyx is chiefly 
a result of continued growth by cellular 
division and enlargement in the synsep- 
alous region. The calyx is now bent over 
horizontally, bringing the short free tips 
together into a peak that closes over a 
large chamber, the ‘“‘blossom cup”’ (fig. 
11). In shape, the blossom cup appears as 
though two cones were placed base to 
base with the taller one projecting out- 
ward under the sepals. Morphologically, 
it is composed of the apex of the ovary 
and the adaxial wall of the calyx, the 
two component parts being separated by 
a low circular ridge formed by the peta] 
and stamen bases. The wall of the blos- 
som cup normally becomes brown and 
horny, with the calyx lining usually 
lighter brown and less horny than the 
cup base. Within the blossom cup are 
the dried and shriveled remains of petals, 
stamens, and style. 

The nectary ducts are conspicuous as 
brown and horny tubes extending down 
into the fleshy ovary from the base of the 
blossom cup. They are lenticular or 
lanceolate in cross section, with the tip 
resembling a fish tail or a broken end of a 
branch. The brown wall of the duct 
merges with the lining of the blossom 
cup. 

Internally, the locules, which are pro- 
portionately large, distinct chambers at 
the flowering stage, become longer but 
relatively narrower and less conspicuous 
in well-developed fruits. This results 
from expansion of adjacent tissues, es- 
pecially of the septa. The degree of this 
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change varies widely with environmental] 
conditions and with variety of pineapple. 

Placentas bearing abortive ovules 
show some enlargement from the flower- 
ing stage but far less in proportion to 
that of the septal tissues. They increase 
about two to three times in size from the 
flowering stage to ripening, while the 
septal tissue enlarges about ten to four- 
teen times. Placentas bearing mature 
seeds, however, enlarge from four to ten 
times, depending on the number of 
fertilized ovules. 


VASCULAR ANATOMY 


For preliminary studies of the com- 
plex vascular system, thin radial slices of 
the inflorescence and fruit were cleared 
by simmering in 20% sucrose solution 
for a few hours, a method which proved 
more satisfactory, from the standpoint 
of rapidity and ease of handling, than 
clove oil, chloral hydrate, or lactophenol. 
Attempts were also made to trace the 
bundles by infusing aqueous nontoxic 
dyes through the peduncle or through 
localized incisions on floral surfaces. 
Among the dyes used, light green SF 
(12), fast green FCF, and vital red gave 
the best results. Since all these dyes 
except vital red are soluble in alcohol, 
only material prestained with vital red 
was found suitable for dehydrating and 
clearing by the usual alcohol-xylol-clove 
oil method. 

For paraffin sections, material was 
fixed in formalin-acetic alcohol, then 
processed, nearly always, in normal- 
buty] alcohol with slight modifications of 
Zirkle’s method. Sections were cut be- 
tween 8 and 20 uz thick and were stained 
usually with safranin O and fast green 
FCF. 

At the base of each flower, between the 
ovary and the inflorescence axis, is found, 
among other bundles, a ring of six strong 
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basic bundles (figs. 18, 19) which supply 
the carpels and the perianth above. 
Three of the six basic bundles, designated 
as D-St-S traces, give rise to the dorsal 
carpellary, outer stamen, and some of the 
sepal bundles. The remaining three alter- 
nate bundles, designated as V-—St’/-P-S 
traces, supply the ventral carpellary 
bundles, the three inner stamens, the 
petals, and, in part, the sepals. 

The D-—St-S traces run radially toward 
the base of the ovary, gradually swing 
to the outer margin of the locule, and 
proceed upward paralle) with the locule 
wall (fig. 16). The dorsal carpellary 
bundle branches off below the level of 
the placenta and runs closely along the 
wall (figs. 16, 22). Near the top of the 
ovary it swings inward toward the base 
of the style, curving down slightly as it 
approaches the stylar canal, and ascends 
parallel with and directly outside of the 
stylar canal (figs. 25-29). The remaining 
St-S traces continue to the top of the 
flower and supply the outer stamen (St?) 
and the sepal (.S) (figs. 16, 26-29). There 
is one trace to each stamen. The exact 
number of traces to the sepal has not 
been since other main 
bundles are supplied by the alternate 
basic bundles and the lateral supply from 
adjacent bract branches. The sepal, 
therefore, is supplied from three different 
sources. 

The remaining three of the six basic 
bundles, V—St/—-P-—S, send out numerous 
branches toward the center of the ring 
at the base of the ovary to supply the 
carpel walls of the septal region. These 
are designated V bundles (fig. 20). The 
remaining parts of the V—St/—P-S traces, 
St'-P-S, curve outward and up to the 
top of the ovary where they give rise to 
the inner stamen (5S?’), petal (P), and 
sepal traces (S) (figs. 16, 25-29). Each 
petal receives three traces (fig. 26) which 


determined, 
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split into five, seven, and, finally, about 
twenty small bundles. 

The V traces divide close to their 
point of departure from the V—St/—P-S 
supply, and split into two or more 
strands. Their branchlets show anas- 
tomosis as they supply the glandular 
regions, lying prominently alongside the 
gland fissures. Below the placentas, 
where the glands are developed to their 
maximum, these bundles lie in the folds 
of the convoluted secretory tissue (fig. 
21); higher, where the gland is straight, 
they lie in single rows alongside the fis- 
sure (fig. 22). At the placental level these 
converge to the placentas where they 
ultimately supply the ovules, one trace 
to each ovule. A few of the bundles 
ascend in the ovarian septa higher than 
the placental lobe and then curve down- 
ward and laterally into the placenta. The 
traces in the placenta show further 
anastomosis without definite pattern. 

The bract receives its main supply di- 
rectly from the inflorescence axis, inde- 
pendently and free from the floral traces. 
One central bundle, Br, is characteristic- 
ally different from the rest in that it 
makes an abrupt backward turn in its 
course prior to its escape from the axis 
within the radius of the flower it sub- 
tends (fig. 16). Many smaller bundles 
also enter the bract and split into about 
forty branches, of which more than half 
occupy the adaxial side (figs. 27-29). 

Attempts to reconstruct the vascular 
structure of the entire inflorescence by 
tracing vascular connections between the 
florets were not successful because of the 
intricate network of small bundles in the 
inflorescence axis. It has been found, 
however, that out of thirty vascular 
connections observed between florets 
(adjacent, or skipping one or two 
florets), twenty-six were between florets 
on the steepest spiral of which there are 











Fics. 18-29.—Vascular supply of flower shown in successive transverse sections from below ovary to floral 
tube. Figs. 18-19, below ovary base. Figs. 20-21, ovary base. Fig. 22, just below placental region. Fig. 23, 
placental level. Figs. 24-25, top of ovary. Figs. 26-29, floral parts above ovary. (See legend to figs. 4-17 
for meaning of letters.) 
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twenty-one on an inflorescence. Four 
florets showed connections between 
florets on one of the thirteen moderately 
steep spirals. From this study it appears 
as though the inflorescence may have 
been a spike or a panicle before these 
florets became united into a compact in- 
florescence-head during phylogenetic de- 
velopment. In general, the large mass of 
bundles is used up in centripetal order, 
the outermost bundles supplying the 


basal florets and the inner ones supplying 
the crown. 


HISTOLOGICAL CHANGES 
DURING GROWTH 


Detailed observations were made to 
note changes in appearance, size, and 
structure of the vascular bundles; pa- 
renchyma of septum and noncarpellary 
tissue; epidermal lining of locule; gland 
epidermis and subepidermal layers; nec- 
tary ducts; blossom cup; and style. 
Studies were made from freehand and 
paraffin sections which were prepared for 
the study of vascular anatomy; these 
were supplemented by the celloidin 
method when necessary in sectioning 
hard and corneous parts of the mature 
iruit. 

VASCULAR BUNDLES.—The vascular 
bundles are collateral in relation to the 
xylem. In the young bud and flowering 
stages when the bundles are immature, 
the vessels are in various stages of de- 
velopment: they vary in diameter, in 
degree of lignification, and in extent of 
stretching of the spiral secondary thick- 
ening. The phloem parenchyma cells 
and some of the vessel cells contain 
protoplasts until about the flowering 
stage. The sieve tubes seem to increase 
in number during floral development, 
and the companion cells, although pres- 
ent, are not conspicuous. Granular ma- 
terials and starch grains that are present 


in the xylem and phloem parenchyma 
cells become less in quantity after the 
flowering stage. Some bundles mature 
earlier than others, but all mature by the 
time the fruit becomes ripe. A zone of 
small parenchyma cells surrounding the 
vascular bundles in the noncarpellary 
tissue becomes modified into a scle- 
renchymatous bundle sheath. Such a 
sheath is lacking around the septal 
bundles. 

PARENCHYMA OF SEPTUM AND NON- 
CARPELLARY TISSUES.—The ground pa- 
renchyma of the septum and noncarpel- 
lary tissues is composed of typical thin- 
walled parenchyma cells, more or less 
loosely arranged with small intercellular 
spaces evident throughout. The cells are 
small and chiefly oval in transection, 
with an ovoid or spindle-shaped nucleus 
in each cell. The wall is mainly cellulose. 
Cells with raphides are numerous and 
conspicuously larger than the other 
cells. Compound starch grairs are a 
prominent cellular inclusion and are 
easily identified by their highly refrac- 
tive hila which are rounded or slightly 
angular in the small grains and stellate 
in the larger. They become less conspicu- 
ous as the cells enlarge and disappear 
completely before the fruit ripens. Cell 
division is apparently complete before 
anthesis, and the increase in the volume 
of tissue is from cell enlargement. The 
walls of the fully distended cells appear 
much thinner. Later, when the cells be- 
gin to lose their turgidity very soon after 
ripening, the walls appear wavy in out- 
line. In the overripe stage the walls, 
though essentially intact, show evidence 
of extreme softening and of some disinte- 
gration, appearing cloudy and less dis- 
tinct in outline when stained with fast 
green. The softening of the walls takes 
place irregularly and appears more pro- 
nounced in the large cells containing 
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raphides. The disintegration seems to be 
more rapid in the noncarpellary tissue 
than in the septa. Various microérgan- 
isms may invade the overripe fruit and 
speed its disintegration. 

LOCULE LINING.—The tissue lining the 
locule is, morphologically, of carpellary 
origin, but it merges completely with the 
noncarpellary tissue surrounding the 
ovary so that its limits cannot be deter- 
mined. Differences in cell arrangement or 
cell type and size between the two re- 
gions—something structurally similar to 
that of the “core line” in apples (16)— 
are absent in the pineapple. It has been 
found, however, in field specimens with 
surface burn from copper compounds 
which has resulted in internal gummosis, 
that there is a narrow band of normal 
tissue lining the locule that apparently 
consists of ovary, stamen, and petal 
tissues which are not affected by surface 
injury. 

The epidermis of the locule wall con- 
sists of small, compactly arranged cells 
which form a solid, continuous lining. 
They contain highly refractive bodies, 
probably of calcium oxalate. There is no 
evidence of secretion by -these cells at 
any stage of growth. In the bud stage 
their outer walls already show some 
thickening, while the radial and inner 
walls are thin and delicate. In the post- 
blossom stages when the internal tissues 
are enlarging, most of the epidermal cells 
become stretched laterally with the 
ovoid, oblong, or spindle-shaped nucleus 
lying against the inner or outer wall. 
During the ripening stage their outer 
walls are thick and heavy, but not 
cutinized, and the refractive oxalate 
crystals are prominent in many of the 
cells. 

SEPTAL GLANDS.—The glandular re- 
gion shows two distinct zones: (a) a 


uniseriate epidermal layer? and (b) a 
subepidermal zone’ of three to five layers 
of cells (figs. 30, 31). The epidermal layer 
lining the cavities of the gland is similar 
to the epidermis of a secreting surface 
and is composed of cells which are more 
or less columnar in shape and densely 
cytoplasmic. In the bud stage they oc- 
casionally exhibit mitotic figures with an 
anticlinal plane of division. The nucleus, 
more or less centrally located, is large 
and spherical to oval, with one or two 
conspicuous nucleoli. The cell walls are 
not thickened, and there is no indication 
of cutinization or cuticularization. 

The subepidermal layers exhibit a 
gradual transition in size and orientation 
from the epidermal cells to the unmodi- 
fied parenchyma of the septum. Except 
for slight differences in shape, the cells 
immediately adjacent to the epidermis 
resemble the epidermal cells rather close- 
ly. Compound starch grains, which are 
abundant in the bud stage, are hydro- 
lyzed to sugars during anthesis. These are 
carried outward to the epidermis and 
excreted into the cavity without any 
rupture of the wall or cell disintegration. 

After active secretion is over, these 
cells very soon lose their granular ap- 
pearance (fig. 32). The epidermis then 
looks like an ordinary epidermal layer, 
and the subepidermal cells merge with 
the septum parenchyma. The cells first 
show a meshwork of cytoplasm resulting 
from an increase in the number of 
vacuoles and finally exhibit a large cen- 
tral vacuole. The nucleus, obovate-ob- 
long, and even elongate in extreme cases, 
appears constantly parietal in position. 
During fruit growth and enlargement, 


2 A similar layer was called ‘‘epithelial layer” by 
Acton (1) in Narcissus; ‘‘palisade layer’ by 
BuUDNOWSKI (7) in Bromeliaceae. 


$Called ‘“‘epithem” by Acton; ‘“‘imbedding tis- 
sue” by BuDNOWSKI. 
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Fics. 30-39.—Figs. 30-33, photomicrographs of glandular region at various stages. Fig. 30, young-bud 
Stage. Fig. 31, flowering stage. Fig. 32, 3 weeks after blossoming. Fig. 33, ripe-fruit stage. Figs. 34-36, photo- 
micrographs showing formation of periderm-like layer along wall of nectary duct. Figs. 34-35, 3 weeks after 
blossoming. Fig. 36, periderm-like layer in ripe-fruit stage. Figs. 37-39, photomicrographs showing closure of 
stylar canals. Fig. 37, cross section of style showing three open canals 1 day before flowering. Fig. 38, three 
canals completely plugged with mucilaginous substance 3 weeks after blossoming. Fig. 39, complete occlusion 
of canals by two to several tylosis-like cells, 13 months after blossoming. All X150. (Photographs by W. R. 
FISHER.) 
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these cells enlarge greatly in size but al- 
ways remain smaller than the cells of the 
septum parenchyma. As a result of in- 
crease in size of the underlying cells, the 
two opposite epidermal layers bordering 
the gland cavity are brought together in 
intimate contact. In the ripe fruit the 
epidermis and the outermost subepi- 
dermal cells are stretched tangentially 
to a thin strip and in many flowers are 
crushed against similar layers on the 
opposite side (fig. 33). They then show 
necrotic reaction upon staining. On the 
other hand, there are some cells that do 
not undergo much stretching and appear 
in a single row, highly vacuolate, longer 
than wide, and distinctly smaller than the 
underlying parenchymatous cells. Some 
others show hypertrophy. Immediately 
below the nectary duct, the walls that 
are tightly compressed become infiltrated 
with suberin and lignin, thus sealing off 
the main part of the gland from the out- 
side air. 

NECTARY DucTs.—The nectary duct, 
when it is first recognizable as such, is 
lined with a single layer of typical epi- 
dermal cells which are small, more or less 
isodiametric, densely cytoplasmic, and 
compactly arranged. Sometime during 
the young-bud stage the outer and inner 
walls begin to show some thickening, the 
cytoplasm becomes slightly shrunken, 
and aggregates of tiny crystalline bodies 
form within the cells. In the older buds— 
at the time the corolla tips protrude—a 
thin cuticle is detectible on the epidermal 
surface. Cuticularization is soon followed 
by lignification which proceeds through 
the middle lamella from the epidermal 
layer inward, usually affecting two or 
three cell layers. 

About 3 weeks after blossoming, meri- 
stematic activity begins‘in the subepi- 
dermal cells in irregular patches, more 
frequently near the pointed ends of the 


[DECEMBER 


lanceolate cavity. The behavior of the 
subepidermal cells (figs. 34, 35) shows 
close similarities to wound responses de- 
scribed by Biocu (5) and SINNotT and 
BLocu (22, 23). These cells have all the 
distinctive features that vacuolated 
cells show when dividing to form young 
but vacuolated daughter cells. Their new 
walls are oriented parallel to the epi- 
dermal layer with the spindle-shaped 
daughter nuclei lying on each side. Added 
to this is the striking regularity in which 
the new walls are formed, one to three or 
four in tangential rows, within the 
mother-cell limits and essentially in con- 
tinuous lines with the new walls of the 
adjacent cells (fig. 35). At a well- 
advanced stage, as in figure 36 at the 
very top of the duct, the suberized rows 
of cells resemble true periderm. The 
lining of the duct then is brown and 
horny, providing a solid, impervious 
wall. The epidermal and subepidermal 
cells are completely sclerified with a 
heavy infiltration of lignin and suberin, 
leaving no intercellular spaces between 
them. Cellular contents are largely 
tannin, mucilage, and crystals. 

Bossom cup.—The base of the blos- 
som cup and the nectary duct merge 
with each other, both showing the same 
process of lignification, suberization, and 
formation of periderm-like layer. The 
changes in the blossom cup, however, 
are somewhat more rapid and _pro- 
nounced and involve more cell layers. 
Since the lining becomes rigid and in- 
capable of stretching while the internal 
tissues are still enlarging, irregular 
stresses cause small cracks of various 
orientation to appear in the cup. Short 
and long vertical cracks are common on 
the ridge formed by the petal and epi- 
sepalous stamens. 

The upper half of the cup that is 
lined by the adaxial wall of the calyx 
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differs somewhat from the basal por- 
tion. The epidermal cells are small and 
flattened, compactly arranged, and con- 
tain small crystalline bodies. A thin 
cuticle is present. The hypodermal layer 
is composed of conspicuously large cells 
which become heavily lignified from the 
epidermis inward. The lignified, brown 
lining, however, is not always accom- 
panied by the periderm-like layer. Crack- 
ing in these walls is confined to vertical 
splitting on the ridge between the petal 
and stamen bases. 

StyLE.—The columnar three-lobed 
style is, morphologically, a result of 
fusion of three separate styles. In early 
ontogeny when the floral parts are first 
formed, the three styles are free or loose- 
ly united, with the adaxial sides deeply 
concave, and facing one another. During 
the process of growth and elongation, 
each leaflike part begins to fold inward 
ventrally, bringing the adaxial margins 
closely together and inclosing the stylar 
canal. The canal is, therefore, lined with 
epidermal cells of the adaxial surface that 
are roughly cubical and densely proto- 
plasmic with a large central nucleus (fig. 
37). They remain granular in appearance 
until anthesis, after which they begin to 
vacuolate. During anthesis a mucilagi- 
nous substance is secreted into the canal 
either from the stigma alone or from the 
stigma and the cells lining the canal. 
There is no cuticularization at any stage. 

Cells on the abaxial surface are large 
and less granular, vacuolating rather 
early in the young-bud stage. During the 
bud stage the outer and inner walls be- 
gin to thicken, and tiny crystals appear 
in the cells. The outer wall continues to 
thicken in a pyramidal manner, begins 
to show a thin but definitely visible 
layer of cutin, and ultimately becomes 
cutinized. After anthesis, the walls be- 
come suberized and lignified. Parts of the 
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abaxial surface show a_periderm-like 
layer below the sclerified epidermis and 
merge with the lining of the nectary 
duct and blossom cup. 

The stylar parenchyma consists of 
thin-walled cells which show a gradation 
in size from the small cells on the adaxial 
side to the largest on the abaxial side. 
Some contain starch grains. Those con- 
taining raphides are distinctly larger 
than the others. Withering and necrosis 
of the style normally take place progres- 
sively from the stigma to the base. 

The stylar canals, which are open 
channels in bud and flowering stages, are 
completely closed in the mature fruit. 
There are at least two methods involved 
in the effective closure of the canal: first, 
by a mucilaginous plug; and, second, by 
cellular occlusion. The passageway is 
first obstructed by a secretion of muci- 
lage or gum or by an accumulation of 
secretory products of the stigma and/or 
cells lining the stylar canal. This muci- 
laginous substance, more conspicuous in 
the upper half of the canal during and 
soon after anthesis, at subsequent stages 
is detected in the lower part of the style 
and appears more homogeneous, with a 
strong lignin reaction (fig. 38). 

The second method of closure is 
initiated about a week or two after 
anthesis. This takes place in tissues near 
the base of the style. Probably in re- 
sponse to the presence of the muci- 
laginous substance higher in the style, 
the epidermal and subepidermal cells 
gradually enlarge and protrude into the 
cavity. In about 13 months after flower- 
ing, these tylosis-like cells completely fill 
the canal at the base of the style (fig. 39). 
Observations have shown that these 
bulging tylosis-like structures, which ex- 
tend into the cavity, are enlarged cells 
rather than pit membranes and, there- 

fore, belong in the same category as the 
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tylosis-like cells (9) found in resin canals. 
Analogous structures are found in the 
internodal carinal canal of Egquisetum 
arvense (13). 


Summary 


1. The structure of the inflorescence, 
the flower, and the fruit of the pineapple, 
Ananas comosus (L.) Merr., is described 
and interpreted. 

2. The collective fruit is composed of 
numerous fruitlets and floral bracts 
which are connate with one another. 
Each hermaphroditic flower is trimer- 
ous in pattern and subtended by a 
prominent bract. 

3. An important feature of the tri- 
carpellate inferior ovary is the presence 
of septal glands which are, ontogenetical- 
ly, the result of the incomplete fusion of 
adjacent carpel margins. The nectary 
duct, terminating each gland, provides a 
natural outlet from these glands into the 
blossom cup at the apex of the ovary. 
The glandular tissues show a definite 
transition from the secretory to the non- 
functional stage. The nectary duct and 
blossom-cup linings are transformed into 
an impervious, protective layer by com- 
bined processes of lignification, suberiza- 
tion, and formation of a periderm-like 
layer, thus protecting the fleshy tissues 
from the outside. 

4. The stylar canals, which are open 
channels before anthesis, are closed by at 
least two methods: (a) mucilaginous 
plugging and (0) cellular occlusion by 
tylosis-like cells. 

5. Two processes contribute to the 
increase in size of the fruit: cell multi- 
plication in stages up to flowering and 
cell enlargement in the older bud to ripe- 
fruit stage. Cells of the internal tissues 
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increase rapidly in size while the fruit is 
maturing, become fully distended upon 
ripening, and begin to show shrinkage 
when fully ripe. The overripe stages 
show softening and some disintegration 
of the walls and occasional cellular break- 
down; dissolution, however, does not 
take place until microbial decomposition 
sets in. 

6. Morphologically, the pineapple 
fruit is formed by the complete fusion of 
the fruitlets of an inflorescence and their 
subtending floral bracts to one another 
and to the inflorescence axis. This fusion 
has taken place during phylogenetic de- 
velopment. The flowers have typical in- 
ferior ovaries with the normal vascular 
supply for such ovaries of the appendicu- 
lar type. Fusion of traces to the various 
organs has occurred whenever these 
bundles lie in the same radii, as is to be 
expected in an inferior ovary which is the 
result of maximum adnation (8). Fusion, 
likewise, has occurred between the 
lateral bundles of the subtending bract 
and some of those of the sepals. The 
bracts are intimately fused to their sub- 
tended flowers and to adjacent bracts. 
The bulk of the noncarpellary tissue be- 
tween the ovaries is composed of sepal 
and bract tissues. 


The writer wishes to express her ap- 
preciation to Dr. A. J. EAmMeEs, under 
whose careful guidance this study was 
carried on, and to Dr. M. B. LINForpD 
for his suggestions and helpful criticisms. 
This work was done at Cornell Univer- 
sity and the Pineapple Research Insti- 
tute of Hawaii. 
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COMPARATIVE ANATOMY AND PHYLOGENY 
OF THE CASUARINACEAE 


MAYNARD F. MOSELEY, JR. 


Introduction 

Most of the phylogenetic systems of 
the angiosperms in use today are based 
chiefly on the morphology of the flower; 
yet, there is a growing conviction among 
botanists that a natural classification of 
the plant kingdom must be founded on 
the combined evidence taken from all the 
fields of botanical endeavor. Thus, in the 
last three decades or so, there has been a 
serious attempt to use the available data 
derived from taxonomy, anatomy, cytol- 


ogy, paleobotany, and other fields of re- 
search to construct phylogenetic sys- 
tems of classification. The role of wood 
anatomy in this effort to establish a 
natural system has been especially note- 
worthy (28, 73, 74, 91, I10, 125, 129, 
131). 

Because of the promise extended by 
the ‘anatomical method” in phylogeny, 
the present study was undertaken of the 
Casuarinaceae, a family, consisting of 
one genus (Casuarina), that has proved 
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to be one of the most perplexing groups 
of angiosperms to place in a natural sys- 
tem. TREUB (134) established a separate 
subdivision, the Chalazogamae, for it. It 
has been considered to be among the 
primitive groups of angiosperms by 
ENGLER and PRANTL (50), by RENDLE 
(115), and others; and it has occupied a 
key position as the most primitive of 
angiosperms in the phylogenetic systems 
of ENGLER and PRANTL (51), ENGLER 
and Diets (49), JOHNSON (79), and 
WETTSTEIN (140). On the contrary, the 
family has been considered extremely re- 
duced, yet always assigned a position 
tentatively, in the systems of HALLIER 
(66), BESSEY (22, 23), HUTCHINSON (69), 
and others. Indeed, Casuarina has been 
described as the ‘“‘amphioxus of the plant 
kingdom.” 

The chief purpose of this anatomical 
investigation of the secondary xylem 
and, to a lesser extent, of the secondary 
phloem of the Casuarinaceae is to con- 
tribute toward a better understanding of 
the evolutionary status of the family. 
Another purpose is to provide a thorough 
anatomical description of the Casuarina- 
ceae, necessary as evidence for the phylo- 
genetic conclusions. It should be empha- 
sized that the goal of this anatomical re- 
search is to provide a description of the 
genus, since the anatomical delineation 
of species requires much larger collec- 
tions of specimens than were available 
for this investigation. A table listing the 
outstanding differences among species is 
presented. In a few cases anatomical data 
have seemed sufficient to warrant sugges- 
tions as to the taxonomy of the species. 
The external morphology and taxonomy 
of the family are described in standard 
systematic texts (49, 50, 79, 115). 

Casuarina is distributed in Australia, 
in the islands of tropical and subtropical 
Polynesia, Melanesia, and northward to 
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some of the islands of Micronesia and to 
the Philippines, and westward to the 
Malayan Peninsula, India, and the Mas- 
carene Islands in the Indian Ocean. The 
majority of the species have fairly lim- 
ited ranges and are restricted pretty 
largely to Australia and the adjacent 
islands of Tasmania and New Caledonia. 
Several species, especially C. equisetifolia, 
have been introduced in some of the 
southern states of the’ United States, 
chiefly Florida, Arizona, and California, 
for ornamental purposes and, owing to 
their ability to grow rapidly in alkaline 
or brackish soils, for purposes of. dune 
reclamation along the seacoasts. 

The Index Kewensis (71) lists sixty 
valid species of Casuarina, but it seems 
necessary to modify this number some- 
what. Four binomials are listed as syno- 
nyms in the /udex Kewensis which should 
probably be considered valid species: C. 
baxteriana Miq. (89), C. humilis Otto & 
Dietr. (44, 108), C. muelleriana Miq. 
(89), and C. paludosa Sieb. (89). These 
four species would raise the number to 
sixty-four, but five binomials listed as 
valid species in the Index Kewensis are 
here, on the basis of the available litera- 
ture, considered as synonyms: C. horrida 
Herb. (63), C. leptotrema S. Moore (63), 
C. rumphiana Migq. (126), C. spinosis- 
sima Gardn. (63), and C. brunoniana 
Miq. (93). Five additional binomials 
which will be referred to in this investiga- 
tion have been reduced to synonymy 
(71). C. muricata Roxb. is a synonym of 
C. equisetifolia Forst. (45), C. quadrival- 
vis Labill. a synonym of C. stricta Ait. 
(20), C. leptoclada Miq. a synonym of 
C. suberosa Otto & Dietr. (20), C. tenuis- 
sima Sieb. a synonym of C. torulosa Ait. 
(20), and C. lehmanniana Miq. a syno- 
nym of C. humilis Otto & Dietr. (20). 

Several authors have described the 
anatomy of certain species of Casuarina, 








1948] MOSELEY—CASUARINACEAE 


and these authors should be briefly ac- 
knowledged. BoopLE and WorspDELL 
(25) described the structure of the young 
stems and several specimens of the older 
wood of several species. They concluded 
that Casuarina demonstrates anatomical 
characters different from most of the 
other groups of angiosperms; but they 
stated that similarities of the anatomy, 
such as ray and parenchyma structure, 
with that of Quercus and Corylus were 
obvious. Although SOLEREDER’s (125) 
description of the family is largely based 
on young stems and only to a lesser de- 
gree on older wood, there is no disagree- 
ment between his description and the 
writer’s observations. 

G6PPERT (65) presented a very general 
description of young stems and the chief 
cells of older wood. He was, apparently, 
the first to notice the broad bands of 
metatracheal parenchyma in Casuarina, 
but he considered the bands as concen- 
tric rays. Poisson (108) summarized pre- 
vious anatomical work of the genus and 
then presented a taxonomic monograph. 
LEcoMTE (86) published an article in 
which he described the young stems of 
several species and accounted for many 
of the chief features of older wood. 
PRAEL (10g) described in a general way 
the young and old stems of four species 
(C. equisetifolia, C. quadrivalvis, C. muri- 
cata, and C. nodiflora). An interesting 
series of papers was published by Mo- 
RINI. Two of them were concerned with 
the anatomy of young stems as well as 
several features of the secondary xylem 
of older stems (95, 96). HoULBERT (68) 
described accurately the rays, the paren- 
chyma, and the frequency and size of 
vessels in the older wood of five species. 
BARGAGLI-PETRUCCI (14) described the 
older wood of C. sumatrana. Mott and 
JANSSONIUS (94) described the macro- 
scopic and microscopic details of the 
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structure of the old wood of the two 
species of Casuarina found in Java: C. 
equisetifolia Forst., and C. montana Mia. 
var. lenuior Leschen. Tippo (129) gave a 
brief account of the family Casuarinaceae 
based on a study of eleven species. In 
general, the author’s investigation bears 
out the findings of Trppo but differs in a 
few details. 

Over a long period of years, taxono- 
mists and systematists have established 
that there are apparently certain trends 
in the evolution of the external morphol- 
ogy of angiosperms, especially of the 
flower. Similarly, during the last 30-40 
years, plant anatomists have worked out 
the lines of phylogenetic specialization of 
the stele, particularly of the secondary 
xylem. These trends of phylogenetic spe- 
cialization may be stated in the form of 
dicta (129, 131): 

1. The protostele is primitive, and the 
siphonostele and dictyostele are derived 
(72, 74). 

2. In angiosperms the woody stem of 
trees and shrubs is primitive, while the 
herbaceous stem is derived (12, 46, 76, 
77, 124). 

3. Among the imperforate tracheary 
elements, evolution has advanced from 
tracheids, to fiber-tracheids, to libriform 
wood fibers (9, 13, 74). 

4. There is a decrease in length of the 
imperforate elements as they become 
more specialized (6, 8, 13). 

The length of the cambial initials de- 
creases as specialization proceeds in the 
secondary xylem of gymnosperms and 
dicotyledons (6). Although the _per- 
centage of elongation of the fibers in dif- 
ferentiation increases as the cambial 
initials decrease, the amount of decrease 
in the cambial initials is so much greater 
than the proportional increase in fiber 
length during ontogenetical differentia- 
tion that the generalization that fibrous 
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elements decrease with specialization 
still holds (35). 

5. In the angiosperms evolution has 
proceeded from scalariform tracheids to 
circular bordered pitted tracheids (74). 

6. The septation of fiber-tracheids and 
libriform wood fibers is a specialized 
character (129). 

7. The solitary pore arrangement of 
vessels is less advanced than the aggre- 
gate groupings, such as pore multiples, 
pore clusters, and pore chains (FRost, 
unpublished data). 

8. The diffuse-porous condition is 
primitive, and the ring-porous is spe- 
cialized (56, 64). 

g. Vessels with thin walls are more 
primitive than those with thick walls 
(56). 

10. Vessel elements which are long, 
small in diameter, and angular in trans- 
verse section preceded those which are 
short, large, and circular in transverse 
outline (6, 13, 56). 

As the secondary xylem of gymno- 
sperms and angiosperms becomes more 
specialized, the cambial initials decrease 
in length (6). The vessel elements, in 
most cases, are equal to the cambial ini- 
tials in length (6, 30); hence, the vessel 
elements also tend to decrease in length. 

11. Vessel elements with scalariform 
perforation plates appeared in plants be- 
fore vessel members with a single 
(simple) opening (10, 13, 56, 57, 74). 

12. Among the vessel members with 
scalariform perforation plates, the type 
with numerous bars and narrow perfora- 
tions is primitive and the type with few 
bars and wide openings is advanced (57). 

13. Vessel elements with scalariform 
perforation plates may have openings 
with complete borders, with borders to 
the middle of the perforation, with 
borders only at the end of the openings, 
or with nonbordered apertures. Spe- 


[DECEMBER 


cialization has proceeded in the order 
named (57). 

14. Vessel elements with long, sloping 
end walls are less advanced than those 
with transverse end walls (10, 13, 56, 57). 

15. The evolution of the intervascular 
pitting on the side walls of the vessels has 
been from scalariform through transi- 
tional to opposite and finally to alternate 
(13, 56, 58). 

16. Spiral thickenings in vessels are 
indicative of specialization (58). 

17. Heterogeneous rays (those with 
both vertically and radially elongated 
cells) are less specialized than homogene- 
ous rays (those in which all the cells are 
radially elongated) (15, 16, 17, 83). 

Kriss (83) has shown that the phylo- 
genetic order is from the primitive 
heterogeneous type I ray, through the 
transitional heterogeneous types ITA and 
IIB, to the homogeneous type I, and 
finally to the highly specialized homoge- 
neous type II rays. 

18. The diffuse parenchyma arrange- 
ment is primitive, and the metatracheal 
and various paratracheal types, such as 
vasicentric, are more specialized (84). 

19. Woods with storied structure are 
more advanced than woods with non- 
stratified cells (7). 

Most of these phylogenetic sequences 
have been worked out by methods which 
are founded on the work of BAILEY and 
TUPPER (13). These authors made an ex- 
tensive study of cell size in hundreds of 
plants drawn from all the major groups 
of the vascular plants; and they discov- 
ered that the tracheary elements in the 
vascular cryptogams are very long, in the 
gymnosperms intermediate in length, 
and in the angiosperms relatively short. 
They also discovered that the specializa- 
tion of the vessel element is highly cor- 
related with the reduction in length of 
the tracheary cells. TURRILL (135) and 
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Tippo (131) pointed out that the direc- 
tion of the lines of specialization listed 
previously have been established either 
by founding them on paleobotanical, 
comparative morphological, and develop- 
mental studies of all the major vascular 
plant groups, or, using the work of 
BAILEY and Tupper as a starting-point, 
by the methods of association, correla- 
tion, exceptions, and sequences listed by 
Frost (56). These phylogenetic trends, 
therefore, have been formulated inde- 
pendently of any preconceived theories 
of angiosperm classification; and any 
suggestion made by the anatomist may 
be accepted as evidence obtained by in- 
dependent methods and thus relatively 
free of bias. 

The phylogenetic lines, once they have 
been revealed, may be used to interpret 
data acquired from anatomical study of a 
group of plants. To determine the phy- 
logeny of a group of plants, an attempt is 
made to harmonize the evolutionary sta- 
tus of the group indicated by the use of 
the anatomical trends of evolution with 
the relationship of the group deduced 
from data obtained from other fields of 
botany, such as floral anatomy, paleo- 
botany, cytology, nodal anatomy, em- 
bryogeny, pollen morphology, etc. 

The secondary phloem of the angio- 
sperms has not been studied so thor- 
oughly as the wood, and any dicta per- 
taining to the lines of specialization are 
difficult to state. HEMENWAY (67) classi- 
fied the sieve-tube elements into three 
types, although intergradations are com- 
mon. In the first type, the elements are 
long, of small diameter, and have taper- 
ing ends. The end walls are very oblique, 
extending from one-half to one-fourth 
the length of the cell. The sieve areas on 
the side walls are identical with those of 
the end walls, and the areas are all of the 
same degree of specialization. The ele- 


ments of this type do not form chains or 
sieve tubes and must therefore be given 
the term of sieve cells rather than sieve- 
tube elements (36). 

The second and third types form con- 
tinuous tubes, or sieve tubes, and the 
cells composing the tubes, therefore, are 
sieve-tube elements (36). In the second 
type (67), the elements are shorter, 
broader, and have less oblique end walls 
with two to ten sieve plates on each. The 
lateral sieve areas (36) are poorly devel- 
oped, being vestigial and functionless, 
while the functional sieve areas are lo- 
calized and specialized to form com- 
pound sieve plates on the end walls. In 
the third type, the sieve-tube elements 
are relatively short and broad and have 
nearly transverse end walls, with usually 
a single sieve plate (67) or simple sieve 
plate (36). The sieve plates or lattices 
(67) on the side walls are poorly devel- 
oped, vestigial, and functionless, or ab- 
sent entirely. 

In the monocotyledons the sieve cell 
is primitive and the sieve-tube element is 
advanced (36). Evolution proceeded to 
sieve-tube elements that had oblique end 
walls with compound sieve plates and less 
conspicuous sieve areas on the side walls 
to sieve-tube elements that had nearly 
transverse to transverse end walls with a 
simple sieve plate, and inconspicuous 
sieve areas on the side walls. Although 
there is little doubt that sieve-tube ele- 
ments in dicotyledons have developed as 
described above (53, 67, 88), there is no 
reason to assume that the phloem and 
xylem have evolved concomitantly in all 
groups of dicotyledons. 


Material and methods 


There follows below a list of the 
twenty-nine investigated species. The de- 
termination of the validity of species 
names was based chiefly on the list of 
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valid names and synonyms in the Index 
Kewensis. Where a perusal of the litera- 
ture indicated that synonymy exists, the 
synonyms are placed in parentheses. Af- 
ter each species name are listed the 
specimens that were available. The letter 
Y indicates that the specimens were ob- 
tained from the. wood collection of the 
School of Forestry, Yale University; an 
H indicates the source as the Biological 
Laboratories of Harvard University; a 
D, the Council for Scientific and Indus- 
trial Research, Melbourne, Australia; a 
C, the Imperial Forestry Institute, Ox- 
ford, England; and an R, the Forestry 
Products Research Laboratory, Ayles- 
bury, Bucks, England. In each case, the 
number is that assigned to the specimen 
by the respective institution. Several 
specimens, sent to the University of II- 
linois from various other sources, are 
indicated by the letter 7. Whether the 
specimens are young (near the pith) or 
old wood (at some distance from the 
pith) is also noted. 

C. stricta Ait.: old wood—H 21883, H21730, 
H21917; young wood—H3393, H15282, I-15, 
I-16. (C. quadrivalvis Labill.): old wood— 
H20244, H21913, Y19328, R2285; young wood 
—H15272, H15267. 

C. glauca Sieb.: old wood—Y 32245, Y32788, 
D1708, D1711, D7526, C12645, R2861, R2284; 
young wood—H967, H3393, H3396. 

C. equisetifolia Forst.: old wood—H3 402, 
H7627, H23307, Y¥23437, Y27756, Y34941, 
D4212, D4213, D7527, C4516; young wood— 
H295, H3407, H3408, H4143, H4144, H4330, 
H15273, H25188, I-20, I-23. (C. muricata 
Herb.): old wood—C3865; young wood— 
Hoo941, H15276. 

C. suberosa Otto and Dietr.: old wood— 
Y9698, Y32732, ¥32733, D1530, D3278, D3279, 
D3280, D3281, D3282, D7528, I-27; young 
wood—H3416, H4142, H15268, H15275, 
H15278, Hr5280, H15288, H15289. (C. lepto- 
clada Miq.): old wood—D1652, D1653. 

C. cunninghamiana Miq.: old wood— 
H20868, Yurr102, D3128, D3151, Ds5152, 
D3258, D7520, D3263, R1686, R2559, C4000; 
young wood—H14140, H15277, H15279, I-25. 
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C. distyla Vent., sen. str. Macklin: old wood 
—Y19329, Y16369; young wood—H33094, 
H3395, H1528s. 

C. fraseriana Miq.: old wood—H4139, 
Y19668, Y38020, D3136, I-13, I-30; young 
wood—H 5164, H4138, H15284. 

C. torulosa Ait.: old wood—H3404, H7628, 
H15286, Higo55 (same as Y32468), Y32683, 
Y32686, D1531, D1603, D1606, D3137, D7531, 
I-28; young wood—H3391, H3398, H3403, 
H3405, H5163, H15281. (C. tenuissima Sieb.): 
young wood—H9943, H15283. 

C. decaisneana F. v. Muell.: old wood— 
D6383. 

C. cambagei R. T. Baker: old wood—D6335, 
D6336, C12644. 

C. collina Poiss.: old wood—Y 14140, ¥ 14183. 

C. deplancheana Miq.: old wood—Y 14240. 

C. dialsiana (authority unknown): old 
wood—I-32. 

C. junghuhniana Migq.: old wood—Y 22133. 

C. lepidophloia F. v. Muell.: old wood—I-31. 

C. montana Leschen.: young wood—H516s. 

C. montana Leschen. var. tenuior Miq.: old 
wood—Y31836, Y31837. 

C. -nodiflora Forst.: old wood—H208609, 
Y¥ 28390, C2907. (C. rumphiana Miq.): young 
wood—C1734. 

C. poissoniana Schlecht.: old wood—Y 14663. 

C. sumatrana Jungh.: old wood—H23437, 
Y 22134, C6665. 

C. nana Sieb.: old wood—H15271; young 
wood—H 15271. 

C. humilis Otto and Dietr. (C. lehmanniana 
Migq.): old wood—Y16368; young wood— 
H15270. 

C. inophloia F. v. Muell. and Bailey: old 
wood—Y13055, D1088, D7350; young wood— 
H15269, R7310. 

C. luehmanni R. T. 
¥13064, D2285, C12646. 
C. bicuspidata Benth.: old wood—D6688. 

C. acutivalvis F. v. Muell.: old wood—D6603. 

C. baxteriana Miq.: old wood—D6694. 

C. muelleriana Miq.: old wood—D6695; 
young wood—D64009. 

C. corniculata F. v. Muell. (C. 
Herb.): young wood—D668o9. 

C. paludosa Sieb.: young wood—H15 274. 

C. spp. (species undetermined): old wood— 
H21720, H21740, D3155; young wood—H3400, 
H3410, H3413, H9682, H15287, H24687, H24- 
688, H24680. 


Baker: old wood— 
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A total of 170 specimens was ex- 
amined. Of these, 104 were old wood and 
66 were young wood. With the exception 
of C. corniculata and C. paludosa, old- 
wood specimens of all the species were 
examined. 

Ten slides were made of each speci- 
men, two unstained and eight stained. 
The technique followed was that out- 
lined by BAILEY (3), JEFFREY (75), and 
WETMORE (139). All old-wood specimens 
were cut into small blocks, boiled, cooled, 
and then softened in hydrofluoric acid 
(48 or 52%). All old-wood specimens 
were washed and dehydrated and, at 
first, were then stored in glycerin-alcohol 
until the time of sectioning. When it was 
found that the wood of Casuarina was 
difficult to section, the specimens after 
dehydration were impregnated and im- 
bedded in celloidin (Parlodion) and then 
stored in glycerin-alcohol. About one- 
half the old-wood specimens were treated 
thusly before sectioning. All the young- 
wood specimens were imbedded in cel- 
loidin. 

Transverse, radial, and tangential sec- 
tions were cut on a Reichert sliding 
microtome at 13-15 uw for all specimens 
listed except five, for which slides had 
been previously prepared at Harvard 
University. Because many of the cross 
sections were badly shattered, very often 
additional transverse sections were cut 
at 20-22 uw. All sections were stained by 
Heidenhain’s iron-alum hematoxylin 
method—or similarly using a methyl 
cellosolve hematoxylin method (78)— 
and counterstained in safranin O. A few 
sections of young wood with bark at- 
tached were stained lightly with only 
hematoxylin to facilitate study of the 
phloem. 

Macerations with JEFFREY’s macera- 
tion fluid (32) were made of one speci- 
men of each species except three: C. 


3 


poissoniana, of which none was success- 
ful, and C. paludosa and C. corniculata, 
of which only young-wood specimens 
were available. Four additional speci- 
mens of C. suberosa were macerated in 
order to obtain information on the varia- 
tion in length of the elements among sev- 
eral specimens of a single species. 

The terms used in the anatomical de- 
scriptions comply with those approved 
by the Committee on Nomenclature of 
the International Association of Wood 
Anatomists (37) and as clarified and il- 
lustrated by later authors (26, 111). The 
diagnostic characters used are those 
listed by Trppo (130), but some reference 
has been made to previous lists (112, 
¥z3). 

The imperforate tracheary elements 
are classified as tracheids if the bordered 
pit-pairs are equal to or larger than the 
corresponding pit-pairs on the side walls 
of the vessel elements, and are fiber- 
tracheids if the pit-pairs are conspicuous- 
ly smaller than the corresponding pit- 
pairs on the vessel members (9). Gelat- 
inous fibers (116), in the case of the 
Casuarinaceae, are fiber-tracheids in 
which the inner wall layers have become 
gelatinized (unlignified and probably of 
hemicellulose). In describing the relative 
thickness of the walls of the fibrous ele- 
ments, CHATTAWAY’s (34) classification 
has been used: 

With reference to the radial wall: 

Very thin—lumen much greater than the 
thickness of walls. 
Thin—lumen greater than thickness of 


walls. 

Thick—lumen much less than thickness of 
walls. 

Very thick—lumen almost completely 
closed. 


The classification used for length of 
fiber and vessel elements is that proposed 
by the Committee on the Standardiza- 
tion of Terms of Cell Size of the Interna- 
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tional Association of Wood Anatomists 
(38): 
Fibers (y) Vessel elements (yz) 


Extremely short Less than 500 Less than 175 


Very short ; 500- 700 175- 250 
Moderately short 700- goo 250- 350 
Medium-sized. . . goo~1600 350- 800 
Moderately long. 1600-22c0 800-1100 
Very long 2200-3000 I 100-1900 
Extremely long.. | Over 3000 Over 1900 


The measurements of the vessel mem- 
bers are the total lengths—that is, from 
the tip of one ‘‘tail” to the tip of the other 
‘tail’’—as recommended by CHALK and 
CHATTAWAY (30, 31). All measurements 
of fiber and vessel elements were made 
from macerated material. A statistical 
analysis has been made of these measure- 
ments as suggested by DEscu (42) and 
by RENDLE and CLARKE (117, 118). 
Measurements of the elements were al- 
ways from old wood, complying as far as 
possible with the dictum that such 
studies should be made from comparable 
parts of the tree (27, 43). The measure- 
ments, as such, were taken to provide a 
general idea of the relative length of the 
fiber and vessel elements of the genus 
rather than to give information on the 
differences among the species. 

Fifteen to twenty counts were made 
of the number of vessels per square milli- 
meter of 100 old-wood specimens and 53 
young-wood specimens, chiefly to yield 
data on the range of variation. The time 
involved in any additional counts would 
have been out of proportion to the value 
derived. The number classes used for the 
number of vessels per square millimeter 
are those of CHATTAWAY (34): 


Up to 2 Very few 

2-5.... .. Few 

5-10......... Moderately few 

10-20 . Moderately numerous 
20-40. . . Numerous 

Over 40. Very numerous 
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A classification for the thickness of the 
wall has not been discovered in the liter- 
ature. Since certain species have vessels 
whose wall thickness rarely exceeds 6 u 
and other species have a majority of ves- 
sels with greater thickness, the dividing 
line between thin and thick was arbi- 
trarily set at 6 y. 

The vessel diameters were measured 
for a hundred vessels on transverse sec- 
tions of 94 old-wood specimens and 49 
young-wood specimens. The size classes 
employed are those of CHALK (29): 


Extremely small..... Up to 25 u 
Very small. ...... 25- 50 
Moderately small.... 50-100 
Medium-sized... 100-200 
Moderately large... . 200-300 
Very large........ 300-400 
Extremely large..... Over 400 


Frost (57) has classified scalariform 
perforation plates as to the number of 
bars: plates with five or fewer bars are 
placed in the few class, those with five to 
fifteen bars are placed in the interme- 
diate class, and those with fifteen 
or more in the many class. Fur- 
thermore, scalariform perforation plates 
with perforations (measured from bar to 
bar) of 6 uw or less are classified as narrow, 
while those with openings of more than 
6 w are classed as wide. 

The size classes for the intervascular 
and ray-vessel pit-pairs have been de- 
limited by RecorpD and CHATTAWAY 
(113). The classes for the intervascular 
pit-pairs are: minute (up to 4m diam- 
eter); small (4-7 «); medium-sized (7-10 
mu); large (10-15); very large (over 
15 «). The size classes for the ray-vessel 
pit-pairs are: five (not more than 7 u in 
diameter); medium (7-10); coarse 
(more than 10 p). 

The classification of rays used is that 
of Krrps (83). The width and height of 
rays have little phylogenetic significance, 
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and they vary considerably among speci- 
mens of the same wood, so that no classi- 
fication has been accepted other than to 
suggest arbitrary groupings. RECORD 
and CHATTAWAY (113) have proposed 
these groups for describing ray width in 
tangential aspect; one to two cells, three 
to four cells, five to ten cells, ten or more 
cells. The following groupings of ray 
heights have been proposed by the same 
authors; fewer than 25 cells high, 25 to 
50 cells, 50 to 100 cells, and over 100 
cells. These groupings have been followed 
somewhat in the description of the 
genus. 

The terms used for describing dis- 
tribution of xylem parenchyma are taken 
in the main from BAILEY and HowarpD 
(11). The types are: 


Apotracheal Paratrachea] 
diffuse scanty 
metatracheal abundant 
terminal vasicentric 
initial aliform 
confluent 
banded 


Definitions for these types occur in the 
report of the Committee on Nomencla- 
ture of the International Association of 
Wood Anatomists (37), but they have 
been clarified by Kriss (84) and by 
BAILEY and Howarp (11). In describing 
the metatracheal parenchyma, the fol- 
lowing classification proposed by RECORD 
and CHATTAWAY (113) is employed: uni- 
seriate or narrow bands (typically fewer 
than three cells wide) ; coarse bands (four 
or more cells wide). 

One stained slide of each specimen 
prepared has been forwarded to the Bio- 
logical Laboratories of Harvard Univer- 
sity, and one set has been retained by the 
Department of Botany at the University 
of Illinois. One unstained and one stained 
slide of each specimen have been added 
to the wood collection of the School of 
Forestry at Yale University. 


folia (80-95%) (figs. 4, 5), C. 


The anatomy of the secondary xylem 
ANATOMICAL DESCRIPTION OF THE GENUS 


Although growth rings are poorly de- 
fined, none of the species shows an en- 
tire lack of them. Most of the specimens 
of the young wood (near the pith) and 
old wood (at some distance from the 
pith) demonstrate growth rings (figs. 1, 
10, 26, 27), probably the result of cli- 
matic fluctuations. C. stricta, generally, 
does not show any traces of growth rings 
in young or old wood, although rings 
may be noted in certain specimens (fig. 
26). C. distyla, C. nodiflora, and C. suma- 
trana (fig. 2) may or may not show traces 
of growth rings. Most of the old wood of 
C. equisetifolia has a slight development 
of growth rings, but an occasional speci- 
men may not. 

IMPERFORATE ELEMENTS.—Of the var- 
ious types of imperforate elements, only 
tracheids and fiber-tracheids are present. 
Thin-walled tracheids occur in a vasi- 
centric position and the thickest-walled 
fiber-tracheids in regions farthest from 
the vessels. There is a gradual transition 
from the large, thin-walled, often mal- 
formed (fig. 7), vasicentric tracheids 
through thicker-walled tracheids to the 
fiber-tracheids (figs. 1, 4, 11, 39). In the 
old wood of twenty-three species, tra- 
cheids predominate (fig. 3), the relative 
numbers varying from 20 to 95% of the 
tracheary elements, but ranging mostly 
from 70 to 95%. Fiber-tracheids pre- 
dominate in the old wood of C. eguiseti- 
suberosa 
(10-90%), and C. humilis (70%). Only 
tracheids occur in the wood of C. dialsi- 
ana. The wood of young twigs possesses, 
in general, a higher proportion of thin- 
walled tracheids than the old wood of 
the same species. The walls of the imper- 
forate tracheary elements in the old 
wood of nearly all the species must be 
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Fics. 1-4.—Fig. 1, C. suberosa: transverse section to show indefinite growth rings; tendency toward 
ring porosity; solitary distribution of vessels; and vasicentric, thin-walled tracheids with gradual transition 
to thicker-walled fiber-tracheids at some distance from vessels. 85. Fig. 2, C. sumatrana: transverse section 
to show absence of growth rings; moderately few, medium-sized to moderately large vessels; diffuse porosity; 
solitary distribution of vessels; narrow metatracheal parenchyma; and nearly complete absence of diffuse 
parenchyma. Notice also thick-walled fibers, which in this species, according to definition, are fiber-tracheids, 
or even tracheids with pit-pairs equal in diameter to corresponding pit-pairs on vessel elements. X75. Fig. 3, 
C. fraseriana: radial section to show wood in which fibrous elements are nearly all tracheids. Notice 
heterogeneous rays. X100. Fig. 4, C. equisetifolia: transverse section demonstrating wood in which fibrous 
elements are mostly thick-walled fiber-tracheids. Notice lack of aggregate rays; narrow metatracheal and 
rare diffuse parenchyma; very small to medium-sized, circular and solitary vessels; vasicentric, thin-walled 
tracheids; and thick-walled fiber-tracheids at some distance from thin-walled vessels. X 100. 
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Fics. 5-8.—Fig. 5, C. equisetifolia: radial section to show wood in which fibrous elements are mostly 
fiber-tracheids. Notice heterogeneous rays, chambered parenchyma, and appearance of parenchyma which, 
in transverse aspect, is distributed as narrow metatracheal parenchyma. X100. Fig. 6, C. equisetifolia: 
transverse section to illustrate very thick-walled fiber-tracheids. Notice reduced bordered pit-pairs. X 1000. 
Fig. 7, C. equisetifolia: radial section to demonstrate short, somewhat malformed vasicentric tracheids and 
oblique end walls on vessel elements. X 100. Fig. 8, C. cambagei: radial section illustrating gum deposits in 
fibrous elements. Gum often gives impression that fibers are septated. 830. 
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classified as thin to very thick. In the 
majority of the species, the walls of the 
fiber-tracheids become so thick as nearly 
to occlude the lumen (figs. 2, 6, 13, 20, 
24). In the wood of young stems, in most 
cases, the wall varies from thin (occasion- 
ally very thin) to very thick, although 
there is a higher proportion of thin- 
walled elements correlated with the 
higher percentage of tracheids. Even 
though the walls of the tracheary 
elements are frequently very thick, 
the thick-walled elements must be 
called fiber-tracheids, as they possess cir- 
cular bordered pit-pairs (fig. 6). No libri- 
form wood fibers have been seen. The 
bordered pit-pairs in the walls of the im- 
perforate elements are circular to oval 
(fig. 19), or rarely elongate, and range 
from 1.5 to 6.04. The most frequent 
range in the old wood is from 2.5 to 4.5 u, 
and in the young wood from 2 to 4 uy. 
These pit measurements seem smal] for 
wood which is largely composed of tra- 
cheids, but this seeming discrepancy is 
accounted for when it is noted that the 
intervascular pitting of the vessels is 
minute to small and only occasionally 
medium in size (fig. 21). The smaller pit- 
pairs of the fiber-tracheids have elon- 
gated and crossed inner apertures. No 
septate fiber-tracheids are present; but 
“‘gum”’ deposits in some of the fiber-tra- 
cheids, noted especially in C. cambagei 
(fig. 8), often give a false impression of 
septation. Gelatinous fibers are modified 
fiber-tracheids and are found occasion- 
ally scattered in the old wood, but they 
are especially common in young wood 
(fig. 9), where they occur in solid blocks 
or in irregular areas as seen in transverse 
section. 

Measurements of fiber length were 
made of five specimens of C. suberosa and 
of one specimen of each of twenty-five 
other species. No measurements were 


made of the fibers of C. potssoniana, C, 
corniculata, and C. paludosa. The most 
frequent ranges of fiber lengths in mi- 
crons for the five specimens of C. suberosa 
are 615-1086, 638-929, 671-1007, 783- 
1150, and 895-1176. The means in mi- 
crons for one hundred measurements in 
each of the same five specimens are 835, 
805, 814, 918, and 963. The variation in 
this one species indicates that the other 
data, computed from measurements of a 
hundred fibers from only one specimen of 
each of twenty-five species, should be 
considered for the genus as a whole. The 
range of fiber lengths for the three thou- 
sand measurements on thirty specimens 
of twenty-six species is from 224 (ex- 
tremely short) to 20164 (moderately 
long). The most frequent range is 649 
(very short) to 985 u (medium-sized), 
and the mean for the genus is 799 + 5.6 u 
(standard deviation 306.8 + 3.9) (mod- 
erately short). 

Spiral thickenings are found in all or 
nearly all the imperforate tracheary ele- 
ments of six species and are absent in 
fifteen species. In four species, certain 
elements possess spiral thickenings and 
others do not. The other four species 
may be classed as variable because in 
only an occasional specimen are the 
thickenings present. C. suberosa is very 
variable in this respect. 

VEssELS.—The number of vessels per 
square millimeter of the old wood in 
transverse aspect is exceedingly variable, 
both among the species and among the 
various specimens of a species (table 1). 
In the genus as a whole, the range of 
species means shows, on the basis of a 
hundred specimens, a variation from 
moderately few (4 spp.) (fig. 2), to mod- 
erately numerous (5 spp.) (fig. 11), to 
numerous (5 spp.), to very numerous (13 
spp.) (figs 10, 28, 32). C. poissoniana with 
a species mean of 8 and C. bicuspidata 
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Fics. 9-12.—Fig. 9, C. distyla: transverse section of young stem in which many of thick-walled fiber- 
tracheids have become transformed into gelatinous fibers. oo. Fig. 10, C. muelleriana: transverse section 
to show very numerous, extremely small to very small vessels in old wood. Notice also indefinite growth 
rings, slight tendency toward ring porosity, the uniseriate and multiseriate rays, and narrow metatracheal 
and diffuse parenchyma. X75. Fig. 11, C. glauca: transverse section of old wood to demonstrate moderately 
numerous, very small to moderately small, circular vessels. Notice also transition from thin-walled vasicen- 
tric tracheids to thick-walled fiber-tracheids farther from vessels, the narrow metatracheal and scarce diffuse 
parenchyma. X75. Fig. 12, C. montana: transverse section of young stem to show very numerous and ex- 
tremely small to moderately small vessels of wood near pith. Notice widening of uniseriate rays to form 
multiseriate rays and aggregation of both types to form small aggregate rays. Parenchyma is diffuse and 
narrow metatracheal; vessels are solitary. > 
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with 304 vessels per square millimeter il- 
lustrate the two extremes. The average 
of means for the genus is 66.7 per square 
millimeter (very numerous). Among the 
young-wood specimens (fig. 12) the spe- 
cies means average even higher, as in C. 
stricta (280), C. equisetifolia (129), and 
C. cunninghamiana (377). 

Vessel distribution is universally soli- 
tary (figs. 1, 2, 4, 12). In general, Casu- 
arina is diffuse-porous, but in nearly all 
species which show indefinite growth 
rings there is a slight tendency toward a 
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manifestation of ring-porosity (figs. 1, 
10, 26). Most specimens of C. stricta and 
C. glauca exhibit this tendency, but some 
may be strictly diffuse-porous; C. de- 
plancheana, C. nodiflora, and C. suma- 
trana (fig. 2) are typically diffuse-porous 
more often than not. 

In transverse sections of the old wood 
(far from the pith) the vessels or pores 
are typically circular to oval in outline 
(figs. 4, 11, 13) in the majority of the 
species, but in C. inophloia, C. muel- 
leriana, C. collina, and C. lepidophloia 


BLE 1 


NUMBER OF VESSELS PER SQUARE MILLIMETER IN OLD WOOD 











| Number 
Species | Range Most frequent range | Means of 
specimens 

Leiopitys: 
C. stricta mee 10- 69 27- 54 N-VN* | 41 VN 7 
C. glauca. . Pea I5-115 25- 30  N-VN 44 VN 8 
C. junghuhniana..... I4- 31 18- 25 MN- N 22 N I 
C. equisetifolia....... 4- 23 5- 15 MF-MN 12 MN II 
C. suberosa..........| 14-173 20-100  N-VN 75 VN 13 
C. cunninghamiana. . .| 15-104 26-— 66 N- VN 36 N II 
6) | | 38- 89 45- 80 VN 65 VN 2 
OS Ee 9- 48 19- 34 MN- N 19 MN II 
C. decaisneana....... 6- 21 10o- 18 MN 11 MN I 
C. cambagei......... | 37- 79 41- 64 VN 58 VN 3 
C. dialsiana.........| 37- 90 52- 71 VN 63 VN I 
C. fraseriana...... | 6- 36 1s- 30 MN- N 17 MN 6 
C. lepidophloia. .....| 25- 35 28- 32 N 29 N I 
Ci COUR. 65 oo xen a] 30- 52 34- 45 N-VN 40 N 2 
C. montana..........} 8- 25 1o- 23 MN- N 17 MN 2 
C. deplancheana..... .| 5— 10 8- 9 MF 8 MF I 
C. poissoniana..... 5- 10 7 9 MF 8 MF I 
C. sumatrana........| 4- 18 6- 12 MF 8 MF 3 
C. nodiflora.........| 4-17 7- 14. MF-MN 8 MF 3 

| 

Trachypitys: 
C. nana. . ot Gi 33- 99 52- 77 VN 67 VN I 
Go tS. onc Sea 19- 84 36- 67 N- VN 60 VN I 
C. inophloia 32-263 36-189 N- VN 82 VN 3 
C. luehmanni 23- 54 30- 42 N- VN 33 N 3 

Acanthopitys: 
C. bicuspidata 242-309 284-348 VN 304 VN I 
C. acutivaldis . ....] 129-369 221-2905 VN 262 VN I 
C. baxteriana . ea 82-306 158-232 VN 180 VN I 
C. muelleriana | 179-432 | 221-369 VN 2099 VN I 


© 


* MI = moderately few; MN = moderately nume 








Average of means 66.7 
Number of specimens 100 








rous; N = numerous; VN = very numerous. 
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Fics. 13-16. 


Fig. 13, C. cunninghamiana: transverse section to show circular to oval, thin-walled (about 
2.5 & thick) vessel of old wood, and thick-walled tracheids and fiber-tracheids. X 500. Fig. 14. C. montana: 
transverse section to show angular outline of vessels in young wood. Notice narrow metatracheal parenchyma 
and gelatinous fiber-tracheids. X 415. Fig. 15, C. stricta: radial section showing gum deposits in vessels, and 
metatracheal parenchyma. X 100. Fig. 16, C. muelleriana: radial section illustrating simple perforation plate 
in end wall of vessel element. X 415. 
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species. The walls of vessels in young 
wood vary from less than 1 to 6 uw and 
are usually less than 4 wu. 

The cross-sectional diameter of vessels 
in old wood ranges from extremely small 
(fig. 10), as in C. muelleriana (range 11- 
54 u), to moderately large (fig. 2), as in 
C. sumatrana (range 15-205 4). The 
range of species means in old wood 
(table 2) demonstrates a variation from 
very small (5 spp.) (figs. 4, 11) to moder- 
ately small (19 spp.) (figs. 4, 11) to medi- 
um-sized (3 spp.) (fig. 2). C. corniculata 
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and C. paludosa are excluded from this 
statement as the samples of these are of 
young wood. The average of means for 
the genus is 71.0 + 0.4 u (standard devi- 
ation 35.7 + 0.3) (moderately small). A 
transverse section of C. glauca (fig. 11) 
presents an average picture of the genus 
with respect to vessel size (most frequent 
range 45-90 mw, mean for the species 63 yu, 
moderately small). Vessel diameters in 
young wood (fig. 12) are consistently 
smaller, ranging from extremely small 
(figs. 12, 28), as in C. eguisetifolia (range 


TABLE 2 ° 
VESSEL DIAMETERS IN OLD WOOD 


(In microns) 


} 
| 


Species Range Most frequent range Means sremnnsare ne nese 29) 
tion of mean specimens 
Leiopitys: 
C. stricta 18-127 40- 80 VS-MS* 56+0.7 MS 20.3+0.6 | rj 
C. glauca : 12-140 45- 90 VS-MS 63+0.9 MS 24.7+0.6 8 
C. junghuhniana 21-131 | 84-115 MS- M 92+2.7 MS 20.5+1.9 | I 
C. equisetifolia 18-168 | 43-145 VS- M 87+0.9 MS 31.4+0.7 II 
C. suberosa : 12-199 31-146 VS- M 66+0.8 MS 26.7+0.6 12 
C. cunninghamiana..... 15-168 | 35-115 VS-M 75+0.9 MS 30.6+0.7 10 
C. distyla 18-99 | 46- 68 VS- M 55+1.4 MS 19.4+0.9 2 
C. torulosa 15-168 60-157 MS- M o4st.t MS | 32-2404 9 
C. decaisneana . 26-153 | 70-109 MS- M 82+3.4 MS 34.442.4 | I 
C. cambagei.... 18 96 | 37-70 VS-MS 51t0.8 MS 14.4+0.6 3 
C. dialsiana I5- 92 | 57- 74 MS | 58+1.8 MS 17:021:2 I 
C. fraseriana 23-184 | 80-148 MS- M 95+1.4 MS ie a ah Wo 6 
C. lepidoph!oia 26-116 60- 89 MS 74+1.9 MS 18.8+1.3 I 
C. collina 15-128 66- 95 MS 601.7 MS 23.3212 2 
C. montana 17-118 43- 84 VS-MS | 64+1.5 MS a1-O027.% 2 
C. deplancheana. . 43-155 96-135 MS- M Io9+2.5 M 25.0218 I 
C. poissoniana. . 20-137 | 63-107 MS- M | 80+2.8 MS 28.3+2.0 I 
C. sumatrana 15-205 | 94-184 MS- M 162+2.4 M 40-75-79 3 
C. nodiflora 37-1909 | 99-160 MS- M 292+2:0 M 34-941.4 3 
Trachypitys: | | | 
C. nana : |} 15-107 | 38-61 VS-MS | s52+1.7 MS | 17.2+1.2 I 
C. humilis seevrel Cp Bad 38- 54 VS-MS 46+1.8 VS 1S IC ch Bee I 
C. inophloia. . . .....| 20-107. | 31- 76 VS-MS sa+1.7 MS 19.7+0.8 3 
C. luehmanni ..| 20-130 | 50- 92 MS 793+2.7 MS | 26:7+1.9 I 
Acanthopitys: 
C. bicuspidata 14- 89 29- 52 VS-MS 462.5 VS 14.8+1.1 I 
C. acutivalvis 17— 57 20- 47. ES-VS 2415.0 V5 9.70.7 I 
C. baxteriana 17- 61 24- 40 ES-VS 3340.8 VS 8.4+0.6 I 
C. muelleriana. . . II- 54 23- 46 ES-VS 321.0 ‘VS t.0£0.7 I 


Average of means for the genus: 71.1+0.4 MS (standard deviation 35. 


Total number of specimens: 94 
Total number of measurements: 9,375 


* ES = extremely small; VS = very small; MS = moderately small; M = medium-sized 
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8-99 w), to medium-sized, as in C. nodi- 


flora (range 31-148 «). Most vessel diam- 


eters of young wood fall in the very small 
and moderately small classes. 

Tyloses are abundant but are very 
difficult to study, as are all the paren- 
chymatous tissues, owing to the abun- 
dance of dark-colored ‘“‘gum”’ deposits 
which obscure their structure even in un- 
stained sections. Tyloses appear fairly 
early and may often be seen in the young 
wood of a young twig. They are very 
variable in size, often only 2-3 m in 
diameter, forming large masses which 
block the vessels. They are usually 
spherical to subspherical, thin-walled at 
first, living, and often associated with 
“gum’’ deposits. The cells have simple 
pits, although these are rarely visible. 
Later, during the conversion of sapwood 
to heartwood, the cells become lignified 
and probably eventually lose their proto- 
plasm. No truly sclerotic tyloses were ob- 
served. 

“Gum” deposits are frequent; in fact, 
their appearance in the vessels seems to 
be the first indication, even before the 
formation of tyloses, of the conversion of 
sapwood to heartwood. The ‘‘gum” is ap- 
parently exuded from wood parenchyma 
into the vessels, forming semispherical 
globules along the vessel walls (fig. 15). 
These globules eventually coalesce to 
form a layer covering the wall. “Gum” 
plugs blocking the vessels are formed in 
a similar manner, especially where the 
vascular rays come in contact with the 
vessels (fig. 15). Frequently, in heart- 
wood, many of the fibrous elements are 
filled with ‘‘gum.” The term “‘gum”’ is 
used as defined by the Committee on 
Nomenclature of the International As- 
sociation of Wood Anatomists (37). It is 
doubtful, however, whether the term has 
any chemical significance. Tannin is 
present in the deposits as evidenced by 
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chemical tests with iron salts, but resins 
are absent as shown by a negative aque- 
ous cupric acetate reaction (78). No ade- 
quate tests for mucilages or gums are 
known (78). 

In the old wood of eight species the 
vessel elements have only simple perfora- 
tion plates (fig. 16). Although the propor- 
tion of scalariform perforation plates 
varies among the specimens, ten species 
are characterized by 1-40% of the per- 
foration plates being scalariform and the 
remainder simple (fig. 17). Usually, the 
smaller vessel elements bear the scalari- 
form perforation plates, although this is 
not always true. Three species have 
scalariform and simple perforation plates, 
with the former type appearing in all the 
specimens but making up only 1~-5% of 
the total number. The vessel elements of 
C. stricta and C. distyla are typified by 
simple perforation plates, but occasional 
specimens of old wood may show scalari- 
form perforation plates up to 15%. On 
the contrary, C. equisetifolia, C. fraseri- 
ana, C. torulosa, and C. sumatrana, char- 
acterized by 1-30% of the vessel ele- 
ments bearing scalariform perforation 
plates, occasionally show wood with only 
simple perforation plates. In the nine- 
teen species (excluding C. paludosa, of 
which only a young specimen was avail- 
able) with scalariform perforation plates, 
the number of bars ranges from two to 
thirty (few to many). Two species have 
mostly the few to intermediate number 
of bars, fourteen have mostly the inter- 
mediate number (fig. 17), and three 
mostly the intermediate to many. C. 
glauca often shows scalariform plates in 
which several of the bars are vestigial. Of 
the nineteen species (excluding C. palu- 
dosa) with scalariform plates, fourteen 
have bars with openings classified as 
mostly narrow and five with openings 
mostly narrow to wide. This classification 














Fics. 17-20.—Fig. 17, C. stricta: radial section illustrating scalariform perforation plate with intermediate 
number of bars. X 850. Fig. 18, C. stricta: radial section from young wood to show small, scalariform perfora- 
tion plate with few bars. Notice “tail” of vessel element. X 1000. Fig. 19, C. muelleriana: radial section from 
wood near pith illustrating small, oval, scalariform perforation plate with few bars and circular bordered 
pit-pairs in walls of tracheary elements. X 800. Fig. 20, C. sumatrana: tangential section demonstrating tall 
rays, transverse and oblique end walls on vessel elements, tyloses, small aggregate ray, and thick-walled 


fiber-tracheids. x 75: 
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refers to the most frequent range of open- 
ing widths; most of the species classified 
as narrow, however, may have occasional 
bars with openings as wide as 10-12 u 
(13.5 # in C. sumatrana). In all the spe- 
cies with scalariform and simple per- 
foration plates, the scalariform plates 
have bars with complete borders.- The 
young wood of sixteen species, including 
C. corniculata and C. paludosa, has been 
studied. The vessel elements in twelve of 
the species have scalariform and simple 
perforation plates, the former type often 
accounting for 5% to as high as 70% of 
the plates. Three species have 1-20% of 
the perforation plates scalariform, but 
certain specimens may show exclusively 
simple perforation plates. C. corniculata 
has only simple perforation plates. It is 
noteworthy that scalariform perforation 
plates are present in the young wood of 
C. nana, C. humilis, C. inophloia, and 
C. muelleriana, but entirely absent in the 
old wood of the same species. There is 
little difference to be noted in the scalari- 
form perforation plates of young wood as 
to number of bars or width of perfora- 
ations. Similar counts have been record- 
ed for both old and young specimens; 
but, in general, the plates in the young 
wood fall in the few to intermediate class 
for number of bars and in the narrow 
class for width of perforation (figs. 18, 
19). 

The angle which the end walls of the 
vessel elements make with the lateral 
walls in old wood varies from 20° to go°, 
with 40°-80° as the predominating range 
(figs. 7, 20, 21). Nevertheless, in twenty- 
six species there are some vessel elements 
with the end walls at go° (fig. 20). In C. 
stricta, the end walls vary from 25° to 85° 
but are never completely transverse. In 
the young wood of ten species the end 
walls on the vessel elements range from 
15° to 85°, mostly 25°-70°. In six species 


the young wood may have a few vessel 
elements with end walls at go”. 

In the old wood the intervascular pit- 
ting is largely alternate. In one species, 
C. nodiflora, the intervascular pitting on 
the walls of perhaps two-thirds of the ves- 
sel elements is alternate, but many of the 
smaller vessel elements show definite 
transitional and opposite pitting. In the 
other species the intervascular pitting is 
overwhelmingly alternate (figs. 22, 23); 
but opposite pitting occurs, however, oc- 
casionally in the walls of vessels in nearly 
all the species—more commonly in C. 
dialsiana, C. fraseriana, C. deplancheana, 
C. stricta, and C. suberosa (fig. 21). The 
intervascular pit-pairs are abundant and 
crowded, except in C. nodiflora, where 
they are often sparse. The size of the pit- 
pairs varies from 2.0 to 16.5 u but very 
rarely reaches 6.5 u in diameter. The 
most frequent range is from 2.5 to 6.0 u 
(minute to small). Three species have 
pit-pairs up to 10.0 w in diameter; and in 
C. nodiflora the elongate, transitional pit- 
pairs may reach 16.5 u (very large). The 
shape of the intervascular pit-pairs is 
correlated with their size. They are most- 
ly circular, to oval, but occasionally 
elongate. Of the sixteen species with 
young wood examined, eight species have 
alternate intervascular pitting, five have 
mostly alternate but some opposite, and 
three (C. suberosa, C. nodiflora, and C. 
paludosa) have abundant transitional 
pitting near the pith, with a proportional 
increase of opposite and alternate in 
slightly later wood. The shape and size 
varies much as in the old wood. 

The pitting between vessels and vas- 
cular rays in old wood is mostly alternate 
but with some transitional to opposite 
in two species, mostly alternate with 
some opposite in five species, and wholly 
alternate in twenty-one species. The size 
of the pit-pairs varies from 0.7 (fine) to 

















Fics. 21-24.—Fig. 21, C. suberosa: tangential section demonstrating opposite to alternate intervascular 
pitting, and oblique end walls on vessel elements. Notice that pit-pairs on vasicentric tracheids are equal to 
or larger than corresponding pit-pairs on vessel side-wall. X 500. Fig. 22, C. suberosa: tangential section to 
show alternate intervascular pitting. X 1000. Fig. 23, C. suberosa: radial section to demonstrate spiral thick- 
enings in vessel element and alternate intervascular pitting. 800. Fig. 24, C. equisetifolia: tangential section 
demonstrating old wood without aggregate rays, heterogeneous IIB rays with tendency for elimination of 
uniseriate rays, and thick-walled fiber-tracheids. X 100. 
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104 (medium), being mostly 2.0-4.0 u 
(fine). The pit-pairs are half-bordered, 
circular to oval, occasionally elongate, 
and abundant. In the young wood of six- 
teen species the ray-vessel pitting is 
mostly alternate, with some transitional 
to opposite in four species, mostly alter- 
nate with some opposite in four species, 
and alternate in eight species. Other char- 
acteristics of the pit-pairs are similar to 
those found in the old wood. 

Measurements of the length of vessel 
elements were made from macerated ma- 
terial of five specimens of C. suberosa and 
from one specimen of each of twenty- 
five other species. Such measurements 
were not made for C. poissoniana, C. 
corniculata, and C. paludosa. The most 
frequent range of vessel-element lengths 
in microns for the five specimens of C. 
suberosa are: 247-416, 381-526, 450-599, 
456-611, and 492-738. The means for one 
hundred measurements in each of the 
same five specimens are: 339, 455, 533, 
520, and 571 uw. From this survey, it is 
obvious that the variation in vessel-ele- 
ment length in this species is even greater 
than the variation in fiber lengths. Little 
value at the species level, therefore, can 
be placed on the measurements of a hun- 
dred vessel elements from only one speci- 
men of each of the other twenty-five 
species. Considering the genus as a whole, 
therefore (thirty specimens, three thou- 
sand measurements), the range of vessel- 
element lengths is from 190 (very short) 
to 1275 u (very long). The most frequent 
range of lengths is from 276 (moderately 
short) to 591 u (medium-sized), and the 
mean for the genus is 439 + 3.3 uw (stand- 
ard deviation 182.2 + 2.4) (medium- 
sized). 

Spiral thickenings are characteristi- 
cally present in all or some of the vessels 
of old wood in thirteen species (fig. 23), 
are characteristically absent but may ap- 


pear sporadically in occasional specimens 
in five species, and are characteristically 
absent in nine species. In nine of the thir- 
teen species characterized by the nearly 
constant presence of spiral thickenings 
in the vessels, the thickenings also ap- 
pear in the fibrous elements (table 3). In 
all species in which spiral thickenings on 
vessel walls are sporadic in appearance or 
absent, they are absent from the fibrous 
elements. There is no constant correla- 
tion between the presence of spiral thick- 
enings in the vessels and the presence of 
simple perforation plates, although the 
two structures are associated in eight of 
the thirteen species. There is no such cor- 
relation between the two in the young 
wood. It may be noticed, however, that, 
as in old wood, there is a similar correla- 
tion for the presence of spiral thicken- 
ings in both types of elements. Six of the 
sixteen young specimens show a nearly 
constant presence of spiral thickenings 
in the vessels, six demonstrate a sporadic 
appearance, and four have no spiral 
thickenings. 

VASCULAR RAYS.—The vascular rays 
(fig. 10) are abundant in old wood, 
ranging from five to eighteen rays per 
millimeter, counted tangentially in tan- 
gential sections. The most frequent range 
is eight to twelve. The number in young 
wood tends to be higher, between nine 
and fourteen. The rays are heterogeneous 
IIB throughout the genus (figs. 3, 5, 24). 
In certain species there is a trend toward 
the elimination of one type of ray. Aggre- 
gate rays are absent from, and the small- 
er multiseriates predominate in, the old 
wood of C. eguisetifolia (fig. 24) and C. 
cambaget. This partial elimination of the 
uniseriate rays is associated with a trend 
toward the homogeneous type I condi- 
tion. By the elimination of most of the 
multiseriate rays, there is a tendency to- 
ward the heterogeneous type III rays in 
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the old wood of C. inophloia, C. suma- 
trana, and occasionally in C. torulosa; ag- 
gregate rays are still present, but, of the 
smaller rays, the uniseriates predominate 
(fig. 25). For reasons to be explained 
later, the aggregate ray is not included in 
the consideration of the width and height 
of the rays. In the old wood of twenty 
species, the rays in tangential aspect may 
be from one to ten cells wide. In seven 
species the rays may be from one to four 
cells wide. Regardless of the maximum 


widths, however, the most frequent 


width is from one to two in fifteen spe- 
cies, from one to three in eight species, 
from one to four in one species, and from 
two to three in one species. In the young 
wood the rays approximate the width of 
the rays in the old wood of the same spe- 
cies, although in four species they tend to 
be wider and in two species more narrow. 
In the old wood of five species the uni- 
seriate rays vary from one to fifteen cells 
in height (most frequent range five to 
twelve); in thirteen species, from one to 
twenty-five (most frequent range eight 


TABLE 3 


ASSOCIATION OF SPIRAL THICKENINGS WITH PERFORATION PLATE TYPE 
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Spiral Spiral somone | Simple | Spiral | Spiral ena | Simple 
thicken- | thicken- — - | perfora- | thicken- | thicken- hope ee | perfora- 
Sections and species ings on ings on simple | tion ings on | ings on | simple tion 
vessel fibrous — plates | vessel | fibrous nrg, plates 
: _\ tion : | pets ; | tion 
elements | elements ida only | elements | elements pistes only 
| | | 
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Ci stricta s* | —ft | +t | | Ss s | + | 
C. glauca se $s - | + | - - | + | 
C. junghuhniana... . _ | ~ | os | 
C. equisetifolia s | — | + , - | + | 
C. suberosa. 0s + | + |] + s | + ca 
C. cunninghamiana. . . s | _ | + | oN _ | rT 
C. distyla. . - | -— + | s | - + | 
C. torulosa. - | s | + | s | = 2p 
C. decaisneana. - —- | + 
C. cambagei. . + | + a | 
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C. fraseriana . - | - + } = _ - 4 
C. lepidophloia + _ + | | 
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C. deplancheana. . - | —- | + 
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C. acutivalvis | oF | + oa a | 
C. baxteriana + + ly ae | 
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Spiral thickenings generally absent but may appear sporadically in certain specimens. 


t = Spiral thickenings characteristically absent. 


= Spiral thickenings characteristically present on all or part of the elements. 
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to fourteen); in seven species, from one 
to thirty-five (most frequent range eight 
to fifteen); and in one species, from one 
to fifty (most frequent range nine to 
twenty) (fig. 20). In young wood the 
ranges tend to be higher; species with 
uniseriate rays one to twenty and one to 
thirty cells high are common. The most 
frequent range is from eight to fifteen. 
The multiseriate rays in old wood are 
commonly higher than the uniseriates. 
In one species the multiseriate rays vary 
from four to fifteen (most frequent range 
seven to twelve), in one species from four 
to twenty-five (most frequent range six 
to twelve), in sixteen species from four to 
fifty (most frequent range ten to twenty- 
two), and in nine species from four to one 
hundred cells high (most frequent range 
twelve to twenty-five). The multiseriate 
rays in young wood tend to be higher. 
The most frequent range is from ten to 
thirty cells high; but rays often achieve 
heights of thirty-five, sixty, ninety, and, 
in C. nodiflora, one hundred and twenty- 
five cells. 

In this study the aggregate ray (figs. 
26, 27, 32-35) is considered a structure 
separate and fundamentally different 
from the more ordinary uniseriate and 
multiseriate rays, in opposition to BARG- 
HOORN (16). The aggregate ray in Casu- 
arina is clearly formed, ontogenetically, 
in most cases by an aggregation of both 
nondiverging uniseriate and multiseriate 
rays. Uniseriate rays may be included di- 
rectly in the formation, or they may 
first widen into multiseriates (fig. 26, 
27). This formation of the aggregate ray 
may be seen repeatedly in the young 
stems of Casuarina (figs. 12, 27). This 
sequence of development suggests that 
the aggregate ray in Casuarina was not 
derived phylogenetically from a large 
multiseriate ray which became dissected 
(12, 16) but evolved through the aggre- 


gation of smaller rays (4, 74). Instances 
may be cited, however, in the young 
wood of C. equisetifolia, in which wide 
multiseriate rays and small compound 
rays arise directly by the widening of a 
uniseriate ray or arise in the first incre- 
ment of the secondary xylem. C. equiseti- 


folia, however, very rarely possesses ag- 


gregate rays in the old wood (figs. 4, 24) 
and is characterized by early dissection 
of the small aggregate and compound 
rays to produce the “‘diffuse’”’ ray condi- 
tion. Typical aggregation is observable in 
the other fifteen species with young 
wood. The young wood of C. cunning- 
hamiana occasionally presents conditions 
similar to the compound-ray formation of 
C. equisetifolia. The aggregate rays in 
young twig wood are often narrow and 
relatively long in a vertical direction and 
evidently develop in relation to the leaf 
traces. The latter may often be seen in 
tangential sections surrounded by the ag- 
gregate rays. As noted by BAILEy (4), in 
a few species ‘‘nearly compound”’ to truly 
compound rays are developed from ag- 
gregate rays (figs. 28, 29) but are replaced 
by aggregate rays or by “diffuse” rays in 
older wood farther from the pith. The 
large rays in the old wood of C. inophloia 
(figs. 30, 31), C. fraseriana, and C. sube- 
rosa, however, may be classed as “‘nearly 
compound” as the rays are often com- 
posed almost entirely of parenchyma. 
Once formed in the young wood near the 
pith, the aggregate ray may increase in 
width by a gradual widening and by the 
inclusion of additional multiseriate rays. 
In the opinion of this author, the smaller 
rays which compose the larger aggregate 
completely lose their identity and be- 
come interwoven with each other into a 
massive parenchymatous ray in which 
the radial rows of fibrous elements orig- 
inally separating the individual rays in 
younger wood wind and twist in various 
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Fig. 29, C. cunninghamiana: tangential section demonstrating small compound or nearly 
compound rays in young stem. X37. Fig. 30, C. inophloia: transverse section showing large aggregate ray to 
nearly compound ray. X 37. Fig. 31, C. inophloia: tangential section showing large aggregate to nearly com- 
pound ray. X Fig. 32, C. glauca: transverse section to show aggregate rays in process of disintegration and 
numerous to very numerous vessels. X 37. 
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directions (figs. 34, 35), even in the hori- 
- zontal plane (fig. 34). A tangential view 
of a large aggregate ray gives a better 
conception of its structure as a large 
parenchymatous ray in which the fibrous 
elements, ‘‘captured”’ in the ontogeny of 
the ray, are turned aside and are redi- 
rected variously. It is the presence of the 
fibrous elements which designate it as an 
aggregate ray, however, and as a struc- 
ture different from the smaller multi- 
seriates and derived ontogenetically, and 
probably phylogenetically, by a process 
of aggregation of smaller rays, and not 
from a multiseriate ray. 

Twenty-three species have aggregate 
rays in the old wood. The variation in 
size is very great (figs. 20, 30-35), and no 
general size limits can be stated. The 
variation in width in old wood is from 
0.06 to 4.0 mm. and in length from o.1 to 
50 mm. or more. This latter measure- 
ment is conservative, for in C. fraseriana, 
C. inophloia, C. luehmanni, and C. suma- 
trana the aggregate rays were longer than 
the available specimens of wood; and, 
therefore, the recorded measurement 
does not give a true conception of the 
great length of some of the aggregate 
rays in these species. It is difficult to give 
a most frequent range, but in woods with 
average aggregate ray development the 
range is from o.1 to 0.5 mm. in width 
and from 5.0 to 15 mm. in length. The 
old wood often demonstrates rays still in 
the process of development, but. nearly 
all species with aggregate rays in the old 
wood show the rays in the process of dis- 
section (figs. 32, 33). This process is evi- 
dent, especially in transverse section, 
where it may be observed that the large 
rays are split up into smaller aggregates 
and multiseriates by a divergence associ- 
ated with an increase in the amount of 
fibrous elements. The dissection of the 
aggregate ray may be imaginatively en- 
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visioned as occurring by a splitting of the 
ray in ontogeny by the intervention of 
fibrous elements arising possibly as de- 
scribed by BARGHOORN (15): by the loss 
of ray initials and by the transformation 
of ray initials to fusiform initials in the 
cambium. 

It is the opinion of the author, then, 
that the aggregate ray in Casuarina is a 
specialized structure and arises onto- 
genetically in most species, and probably 
has arisen phylogenetically, by an aggre- 
gation of smaller rays. This is in dis- 
agreement with the idea that an aggre- 
gate ray is a stage in the disintegration of 
a wide multiseriate ray (12, 16); but it is 
in agreement with the earlier conception 
of the aggregate ray in Casuarina (4, 74). 
It is obvious, however, that the aggre- 
gate ray is not a permanent structure 
but is dissected eventually in a number 
of species as later wood is formed (figs. 
32, 33). The dissection occurs at differ- 
ent growth stages among the species. 
Four species (C. decaisneana, C. baxteri- 
ana, C. cambagei, and usually C. equi- 
setifolia) do not have aggregate rays in 
the old wood (figs. 4, 24). Aggregate 
rays, usually found in the old wood of C. 
glauca and C. junghuhniana, may become 
dissected so that an occasional specimen 
shows only smaller rays, as in the four 
species mentioned above. The wood of 
C. acutivalvis shows very small aggregate 
rays less than a millimeter long and in 
the last Stages of dissection. The rays in 
this species have nearly attained the 
“diffuse” condition. Young-wood speci- 
mens of C. equisetifolia, however, possess 
small aggregate and small compound (or 
wide multiseriate) rays which are quick- 
ly dissected, giving rise to wood with 
“diffuse” multiseriate and _ uniseriate 
rays. Young specimens of the other four 
species were not available. The “diffuse” 
ray condition of these species does support 








imen 
four 


eriate 
r four 
ffuse” 
pport 





Fics. 33-36.—Fig. 33, C. glauca: tangential section showing aggregate rays in process of disintegration. 
Notice broad strands of fibrous and vessel elements. X37. Fig. 34, C. collina: tangential section to show 
“collina type” of aggregate ray in which fibrous elements are oriented vertically and horizontally (directed 
radially and tangentially). Fibrous elements form lattice-like structure. Notice crystals in some of ray cells. 
X85. Fig. 35, C. cunninghamiana: tangential section illustrating large aggregate rays in process of disin- 
tegration. This is an example of the “‘cunninghamiana type” of aggregate ray in which vertical and nearly 


vertical fibers form an anastomosing framework. X37. Fig. 36, C. 


greater lignification of ray cells found in certain species. X 500. 


nodiflora: radial section to illustrate 
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the thesis, however, that smaller multi- 
seriate rays may arise in Casuarina from 
aggregate rays by the dissection of the 
latter (12, 16, 128). 

It is interesting to note the depression 
in the outline of the surface of the wood 
owing to the retardation of growth in the 
region of the aggregate rays (fig. 28) 
similar to that described for Quercus by 
BAILEY (5). 

The simple pit-pairs between ray cells 
and xylem parenchyma cells in both 
young and old wood vary from less than 
1 wu to 4 win diameter. The most frequent 
size is from 1.5 to 3.5 uw. The ray-paren- 
chyma pit-pairs are many and are very 
frequently clustered in groups of three to 
five. The ray cells become lignified very 
early in young wood and are prominently 
lignified in old wood (fig. 36). Crystals of 
the solitary, rhombohedral type, prob- 
ably calcium oxalate, are very common 
in the rays of all types (fig. 34) and often 
appear even in the young wood. Thick 
walls are often deposited in the ray cells 
containing the crystals, and these may 
be considered as sclerotic ray cells. More 
typical sclerotic ray cells with ramiform 
pits but without crystals were found in 
the old wood of eighteen species. They 
occur more commonly in the aggregate 
rays. The deposition of crystals in the 
rays and wood parenchyma cells and the 
development of sclerotic ray cells are 
prominent features in the conversion of 
sapwood to heartwood. 

Woop PARENCHYMA.—In all species 
wood parenchyma is abundant. Apo- 
tracheal parenchyma of the diffuse and 
metatracheal types is predominant in 
both young and old wood. There is a 
strong tendency for the elimination of 
the diffuse type. No species has only dif- 
fuse parenchyma, but all have meta- 
tracheal (figs. 4, 5, 11, 15, 25). Diffuse 
parenchyma strands are never abundant 


but may be classed as few or rare. In old 
wood, six species have diffuse with nar- 
row metatracheal parenchyma (fig. 2). 
Twelve species have diffuse with narrow 
and coarse, mostly narrow, metatracheal 
parenchyma (figs. 4, 5, 10, 11); five 
species have diffuse with narrow and 
coarse, mostly coarse, metatracheal par- 
enchyma (figs. 26, 27); one species has no 
diffuse but narrow metatracheal paren- 
chyma only; two species have no diffuse 
but narrow to coarse, mostly narrow, 
metatracheal parenchyma; and one spe- 
cies has no diffuse but narrow to coarse, 
mostly coarse, metatracheal parenchyma 
(figs. 37, 38). All the young wood speci- 
mens of sixteen species have diffuse and 
mostly narrow metatracheal parenchyma 
(figs. 12, 14). 

C. decaisneana requires a special note 
(fig. 39). The old wood possesses diffuse 
and narrow metatracheal parenchyma. 
In addition, it presents nearly all the 
types of paratracheal parenchyma. Some 
of the vessels show scanty to abundant 
paratracheal parenchyma, while others 
demonstrate a complete jacket of paren- 
chyma (vasicentric). Occasionally, the 
vasicentric parenchyma forms aliform 
wings which may link up to produce con- 
fluent parenchyma. Where apotracheal 
and paratracheal parenchyma types are 
both present (11), one cannot draw a 
line between metatracheal and banded 
paratracheal. As concentric laminae of 
wood parenchyma are present, it is neces- 
sary to describe this parenchyma as 
metatracheal to banded paratracheal. 

The pitting between parenchyma cells 
in the old wood varies in size from less 
than ty to 5.5m. The most frequent 
range of pit diameters is from 1.5 to 
3.5 uw. Comparable pits in old wood tend 
to be smaller and range from less than 
1 uw to 4.5 u. The most frequent range is 
from 1.0 to 3.5m. The pits are many, 
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Fics. 37-40.—Fig. 37, C. fraseriana: transverse section demonstrating coarse metatracheal and no dif- 
fuse parenchyma. X85. Fig. 38, C. fraseriana: radial section showing broad metatracheal parenchyma in 
radial aspect. X85. Fig. 39, C. decaisneana: transverse section to show various types of paratracheal 
parenchyma—scanty, abundant, vasicentric, aliform, and confluent. Notice transition from tracheids near 
vessels to fiber-tracheids at some distance from vessels. X 100. Fig. 40. C. decaisneana: radial section to 
show chambered parenchyma cells bearing crystals. X 100. 
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single, or clustered. No fusiform or sep- 
tate parenchyma cells were observed, but 
chambered parenchyma cells with in- 
closed solitary, rhombohedral, supposed- 
ly calcium oxalate, crystals (figs. 5, 40) 
are abundant in the old wood and often 
in the young wood of all the species ex- 
cept C. inophloia and C. junghuhniana. 
Crystals are very rarely found in the 
typical wood parenchyma cells. The 
wood parenchyma cells are heavily lig- 
nified and only near the pith may cells 
conspicuously lacking in lignification be 
found. No sclerotic wood parenchyma 
cells were noted. 

Two abnormalities may be described. 
lf insect larvae form tunnels in the cam- 
bium, wound tissue, composed of irregu- 
larly isodiametric parenchyma cells, is 
formed and fills them. As growth of the 
cambium proceeds, and additional] xylem 
is formed, the wound tissue or pith fleck 
is left as an island of parenchymatous 
tissue surrounded by the normal xylem. 
Pith flecks are fairly common in the wood 
of Casuarina. It should be mentioned 
that in C. decaisneana and C. acutivalvts, 
normally without aggregate rays in the 
old wood, what appear to be short-lived 
aggregate rays are formed at the region 
of injury. If the insect injury occurs in 
the already formed xylem, a winding 
tunnel remains, filled only with the de- 
bris of destroyed and broken tracheary 
cells. 


ANATOMICAL DIFFERENCES AMONG 
BENTHAM’S SECTIONS 


Most of the species classified by BEN- 
THAM (20) were studied during this in- 
vestigation and are listed under BEN- 
THAM’s sections in table 4. The species 
were compared in terms of all the ana- 
tomical characters used in the preceding 
description of the genus, but only the 
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characters of value in the comparison ap- 
pear in table 4. 

The anatomical characters do not cor- 
respond entirely with the sections as set 
up by BENTHAM, although a few out- 
standing differences among the sections 
may be noted. C. bicuspidata of the sec- 
tion Acanthopitys (the only species of 
this section studied and of which there 
was only one specimen) differs from the 
other two sections in having a very high 
mean for the number of vessels per 
square millimeter and the lowest mean 
for vessel diameter. The sections Leio- 
pitys and Trachypitys cannot be separat- 
ed on these two characters; in fact, the 
only other constant character in the 
Leiopitys is the presence of scalariform 
perforation plates on some of the vessel 
elements. Unfortunately, this character 
also appears in two species of the Trachy- 
pitys. 

If we add to the list those species 
which have been named and described 
since BENTHAM’s Flora australiensis, Vol- 
ume 6 (20), and then group the species on 
the basis of certain anatomical charac- 
ters, more homogeneous sections are cre- 
ated. Those species with both scalari- 
form and simple perforation plates may 
be placed in the Leiopitys. Those species 
with simple perforation plates and with a 
mean for the number of vessels per 
square millimeter below 100 may then be 
grouped in the Trachypitys, and those 
species with only simple perforation 
plates and with a mean for the number of 
vessels per square millimeter above 100 
in the Acanthopitys (table 5, characters 
in bold-face type). 

The Leiopitys as thus constituted still 
have quite variable characters, but any 
further modification seems impossible on 
an anatomical basis. BENTHAM had some 
difficulty in placing C. decaisneana in the 
Trachypitys. On the basis that C. decaisne- 
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p- ana and C. torulosa have scalariform Leiopitys: Species means for the num- 
perforation plates, they have been trans- ber of vessels per square millimeter in 
oki ferred from the Trachypitys to the Leio- transverse section from about 8 to 75 
set pitys. On the other hand, the Trachypitys (moderately few to very numerous but 
it- have gained two species, while the Acan- below 100); species means for the tan- 
ms thopitys, as a group, are better substan-  gential diameter of vessels in transverse 
an tiated by the addition of three new mem- section from about 50 to 170 uw (moder- 
of bers. The Trachypitys and the Acantho- ately small to medium); scalariform per- 
ere 
he TABLE 4 
igh ANATOMICAL COMPARISON OF BENTHAM’S SECTIONS 
per ; = ig 
-an | Number of | Diameter of | Scalariform Simple per nivel | heeenssed 
2 : »le pe Spire | cheal paren 
210- | vessels per vessels and ae, Peas 
; Sections and species sq. mm. (Species simple per- ee i yep | — 
at- (Species means foration , ray pth: pager 24 
the means) in gp) plates 7 = pido 
the : iain: nent ate oe . : 
Leiopitys: | 
rm C. stricta... 41 56 +* st C§ 
ssel C. glauca. 44 63 | aa s N]| 
, C. equisetifolia 12 87 | + s N 
“ter C. suberosa... 75 66 + | + N 
hy- C. cunninghamiana 36 75 } + | Ss N 
i C. distvla | 65 55 + | —t Cc 
C. fraseriana 17 05 a _ e 
cles Trackypi | | | 
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bed C. nana a | 67 | 52 | + + N 
Vol- C. humilis 60 46 + + € 
: C. torulosa | 19 | 04 a | | + N 
son C. decaisneana II 82 oo | -- N 
rac- 
ake Acanthopitys: | 
cre- C. bicuspidata . | 304 43 + + N 
lari- oe Se a ee 
may * + = Spiral thickenings characteristically present on all or part of vessel elements 
=. a ts = Spiral thickenings on vessel elements sporadic in certain wood specimens 
C1ES ¢{ — = Spiral thickenings characteristically absent. 
ith a § C = Mostly coarse metatracheal parenchyma. 
N = Mostly narrow metatracheal parenchyma. 
per 
n be F 7 
pitys are much more homogeneous than foration plates present on some or all of 
Z ne Letopitys (table 5). e vessel elements of a species (some 
aaa the Leiopitys (table 5 th | elements of a s, ( 
tion ‘ re ‘ : ‘ ‘ ° ‘ 
F It is now possible to venture anatomi- species characterized by the presence of 
rT O. . ° - . ° . 
. cal descriptions of the three sections, but _ scalariform perforation plates may show 
100 : ‘ , ‘ ne ‘ 
; it must be acknowledged that the _ in an occasional specimen a lack of this 
cters ; ; ‘ ‘ Pag ; ; 
changes in the grouping suggested herein type of plate, but the majority of speci- 
till are founded only on anatomical differ- mens will exhibit them), the remaining 
sti ; a ; gear : . ; 
ences, since herbarium material was un- perforation plates simple; spiral thicken- 
any : ° —_ ° . ° . 
al available and could be not studied. The _ ings in vessel elements variable, sporadic, 
2 0 ee . ‘ ‘ : > . 
: suggested revision of the generic sections, and not always found on all specimens of 
som : ; , ne ; 
ee therefore, must be regarded as provi- some species, characteristically absent in 
n , , ; : , rte: 
saad sional until herbarium specimens and some species, and characteristically pres- 
isne- : ; . ) 
anatomical data can be harmonized. ent in others; type of metatrachea) wood 
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parenchyma variable, mostly coarse in 
some species, mostly narrow in others. 
Trachypitys: Species means for the 
number of vessels per square millimeter 
in transverse section from about 30 to 85 
(numerous to very numerous but below 
100); species means for the tangential 
diameter of vessels in transverse section 
from about 40 to 804 (very small to 


TABL 


generally completely 









Number of vessels per sq. mm., species Means 
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moderately small); simple perforation 
plates only; spiral thickenings in vessel 
elements characteristically present; meta- 
tracheal wood parenchyma narrow to 
coarse, mostly narrow, except in C. 
humilis in which it is mostly coarse; a 
fairly homogeneous group. 
Acanthopitys: Species means for the 
number of vessels per square millimeter 
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coarse (C), paratracheal types also present (P) 


Number of bars in scalariform perforation plates (range) 


Number of bars in scalariform plates (most frequent 





Scalariform and simple perforation plates (Sc) or 
Metatracheal parenchyma mostly narrow (N) or mostly 
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* Species given binomials since BENTHAM’s publication. 


t Species transferred from BENTHAM’s Trachypitys to Leiopitys. 


t — = Character characteristically absent in species. 
§ + = Character characteristically present in species. 


S = Character generally absent but appears sporadically in certain specimens. 
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in transverse section from about 180 to 
310 (very numerous but above 100); 
species means for the tangential diameter 
of vessels in transverse section smallest 
of the three groups, 30-45 u (very small); 
simple perforation plates only; spiral 
thickenings in vessel elements character- 
istically present; metatracheal wood par- 
enchyma narrow to coarse, predominant- 
ly narrow in all species; a homogeneous 
group. 

PotssoN (108) included BENTHAM’s 
three groups in the Cylindricae seu Cryp- 
tostomae but placed C. nodiflora, C. suma- 
trana, and C. deplancheana (included in 
this investigation in the Lezopitys) in the 
Teilragonae seu Gymnostomae. To these 
three species he added several new spe- 
cies. None of these latter species de- 
scribed by Porsson is dealt with in this 
research. 

It will be noted, however, in table 5 
that C. sumatrana, C. deplancheana, and 
C. poissoniana—the latter described 
alter Porsson’s publication—are very 
similar in anatomical details. They all 
have fibers with extremely thick walls, 
heavily lignified ray cells, and aggregate 
rays very similar in structure. C. nodi- 


flora also resembles these three species in 


all three characters. In addition, all four 
species have mostly narrow metatracheal 
parenchyma. Spiral thickenings in the 
vessel elements, however, are character- 
istically absent in C. deplancheana and 
C. poissoniana, always present in C. nodi- 
flora, and are found in a few vessels of oc- 
casional specimens of C. sumatrana. On 
the whole, the four species closely resem- 
ble one another anatomically, and this 
resemblance would seem to support 
Poisson’s division of the genus. 

C. corniculata and C. paludosa have 
not been included in this discussion of 
the sections, as only young-wood speci- 
mens of these species have been exam- 
ined. 
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DISTINGUISHING ANATOMICAL CHAR- 
ACTERISTICS OF THE SPECIES 

It is possible to identify the old wood 
of certain species or groups of species by 
the over-all aspects or combination of 
characteristics presented by microscopic 
examination, and table 5 attempts to de- 
pict the outstanding anatomical char- 
acters of the various species. The young- 
wood specimens are generally not con- 
sidered in the tabulation, as the young 
wood in most cases reflects relatively 
little variation among the several species 
but usually fits into a typical pattern 
hardly capable of differentiation below 
the generic level. 

The types of aggregate rays mentioned 
in table 5 must be described briefly. 
When the rays have very few fibrous ele- 
ments, they should be considered as 
“nearly compound” (figs. 30, 31). In the 
“cunninghamiana type” of aggregate 
ray, most of the fibrous elements as seen 
in tangential section are vertical to near- 
ly vertical, occur in fairly wide bands, 
and form an anastomosing framework 
which divides the ray into diamond- 
shaped or spindle-shaped segments. This 
arrangement is epsecially clear in C. cun- 
ninghamiana (fig. 35) and C. fraseriana. 
In the “‘collina type” the fibrous ele- 
ments are oriented vertically and hori- 
zontally (directed both radially and tan- 
gentially) with the formation of a lattice- 
like framework which groups the ray cells 
into squares or rectangles as seen in tan- 
gential section (fig. 34). 

C. corniculata and C. paludosa.—The 
anatomy of these species has not been re- 
ferred to in table 5 because only young 
wood was available for study. The young 
wood of C. corniculata is composed of 
about 50% tracheids and 50% fiber- 
tracheids. Spiral thickenings are present 
in nearly all the fibrous elements. The 
mean for the number of vessels per square 
millimeter in transverse section is 275. 
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The vessels are angular to circular, and 
the walls are 1.5-6.5 uw thick. The mean 
for the vessel diameters is 27 wu. Scalari- 
form perforation plates are absent, al- 
though wood immediately in contact 
with the pith was not examined. Inter- 
vascular pitting is alternate. Spiral thick- 
enings are found in all the vessel ele- 
ments. Fairly large aggregate rays, 0.1- 
0.5 mm. wide and 1-15 mm. long, are 
present, and they resemble those of C. 
bicuspidata and C. collina. The meta- 
tracheal parenchyma is mostly narrow. 

Although the wood of this specimen 
cannot be considered old wood, neither is 
it first-formed wood. On this basis, it is 
possible to assign, tentatively, the species 
to a section. The absence of scalariform 
perforation plates, the high mean for the 
vessel number per square millimeter, the 
presence of spiral thickenings in the ves- 
sel elements, and the mostly narrow 
metatracheal parenchyma indicate that 
C. corniculata might be placed in the 
Acanthopitys close to C. bicuspidata 

The material of C. paludosa available 
for study was wood of a small twig, and 
little value can be placed on its char- 
acters. All the fibrous elements are tra- 
cheids, and their walls are thin to thick. 
Scalariform perforation plates are pres- 
ent, and the most frequent number of 
bars is 7-15. The intervaScular pitting is 
transitional, opposite, and alternate, and 
the pit-pairs between the rays and the 
vessels are usually alternate but often op- 
posite. Spiral thickenings occur in the 
fibrous elements and in the vessel ele- 
ments. Small aggregate rays are present 
and are 0.15-0.4 mm. wide and 1.5—4.0 
mm. long. The parenchyma is diffuse and 
narrow metatracheal. None of these 
characters is especiallydistinctive, as any 
one or all may appear in young-wood 
specimens of other species. 
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TAXONOMICAL NOTES ON 
CERTAIN SPECIES 

C. stricta. —C. quadrivalvis Labill. Nov. 
Holl. Pl. ii 67 t. 218 was considered a 
synonym of C. stricta Ait. Hort. Kew. ed. 
I iii 320 (1789) by BENTHAM (20). No 
outstanding anatomical differences were 
found between the wood specimens rep- 
resenting these two entities, except that 
both of the specimens in which spiral 
thickenings were found on occasional 
vessel elements were labeled C. stricta. 
No spiral thickenings were found in any 
of the vessel elements of the specimens 
labeled C. guadrivalvis. Other variations 
have no correlation with the occurrence 
of spiral thickenings. As spiral thicken- 
ings are of sporadic occurrence in several 
species, it is felt that anatomical data 
support the reduction of C. guadrivalvis 
to a synonym of C. stricta. 

C. equisetifolia.—C. muricata Roxb. 
Hort. Beng. 66; Fl. Ind. iii 519 (1832) is 
considered a synonym of C. equisetifolia 
Linn. Amoen. Acad. iv 143; Forst. Char. 
Gen. 103 f .(1776) (45). One wood speci- 
men of C. muricata (Y9941) was exam- 
ined and was found to differ chiefly in 
that only simple perforation plates were 
present and that spiral thickenings oc- 
curred in a few vessel elements. As one 
other specimen of wood (H3402) labeled 
C. equisetifolia, however, also possessed 
these characters, no conclusion can safe- 
ly be stated in regard to the synonymy of 
C. muricata. 

C. suberosa.—C. leptoclada Migq. Rev. 
Crit. Casuar. 41 t. 4 (1848) was reduced 
to a synonym of C. suberosa Otto and 
Dietr. Allg. Gartenz. 155 (1841) by BEN- 
THAM (20). Since three specimens lack 
spiral thickenings (fig. 22) which are 
prominent and constant in the other ten 
(fig. 23), it might prove profitable to ex- 
amine more thoroughly the taxonomic 
characters of this species. If it were found 
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that there are two separate species, it 
would then be interesting to check for the 
presence or absence of spiral thickenings 
in the vessels. 

C. muelleriana.—Although only one 
old-wood specimen of C. muelleriana was 
examined, certain tentative conclusions 
may be mentioned in regard to the taxon- 
omy of the species. C. muelleriana Miq. 
in Neder. Kruidk. Arch. iv: 99 (1859) was 
reduced to a synonym of C. distyla Vent. 
Jard. Cels. t. 62 (1803) by PoIsson (108). 
MACKLIN returned this binomial to spe- 
cies rank in 1927 (89). The anatomical 
differences between the two species 
render strong support to their separation 
by MACKLIN. 

C. distyla is considered in this investi- 
gation as one of the Leiopiiys, whereas C. 
muelleriana is considered as a member of 
the Acanthopitys. The species mean for 
the vessel number per square millimeter 
is 65 in C. distyla, while it is 299 in C. 
muelleriana. Most of the vessel walls in 
C. distyla are 6-8 w thick, whereas in C. 
muelleriana they are mostly 3-5 mw and 
only rarely thicker. The species mean for 
the vessel diameters is 55 uw in C. distyla 
and 32min C. muelleriana. The vessel 
elements in the old wood of C. distyla 
may or may not have scalariform per- 
foration plates and do not have spiral 
thickenings. In C. muelleriana the vessel 
elements have spiral thickenings and 
only simple perforation plates. The ag- 
gregate rays in the wood of C. distyla re- 
semble those of C. collina, and the meta- 
tracheal parenchyma is frequently coarse 
(6-7 cells wide) ; while in C. muelleriana, 
the aggregate rays resemble those of C. 
cunninghamiana and the metatracheal 
parenchyma is mostly narrow (1-2 cells 
wide), although very rarely 3-4 cells 
wide. A further difference is found in the 
distribution of the species. C. distyla 
Vent., sen. str. Macklin is found in Tas- 
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mania while C. muelleriana Miq. is found 
in South Australia (89). 


C. baxteriana.—Anatomical data seem 
to support MACKLIN’s (89) separation of 
C. baxteriana from C. distyla. Again, 
however, the following facts must be 
considered with some reservation, as one 
old-wood specimen of C. baxteriana was 
examined. C. baxteriana Migq. Rev. Crit. 
Casuar. 57 t. 3 (1848) was reduced to a 
synonym of C. distyla Vent. Jard. Cels. t. 
62 (1803) by Polsson in 1876 (108). The 
species mean for the vessel number per 
square millimeter is 65 in C. distyla and 
180 in C. baxtertana. The species mean 
for the vessel diameters in C. distyla is 
55 mM, but it is 33 win C. baxteriana. The 
vessel elements have scalariform and 
simple plates and may or may not have 
spiral thickenings in C. distyla, but in C. 
baxteriana the vessel elements have 
spiral thickenings and only simple perfor- 
ation plates. The wood of C. distyla has 
aggregate rays and mostly coarse meta- 
tracheal parenchyma (often 6-7 cells 
wide), but C. baxteriana has no aggregate 
rays in the old wood and mostly narrow 
metatracheal parenchyma (never over 
four cells wide). 


The anatomy of the secondary phloem 


The secondary phloem contains 
phloem parenchyma cells, ray cells, 
phloem fibers, stone cells, sieve-tube ele- 
ments, and companion cells. In trans- 
verse section the thin-walled paren- 
chyma, ray cells, sieve tubes, companion 
cells, and phloem fibers form a continu- 
ous network inclosing areas of thick- 
walled, sclerenchymatous parenchyma 
elements. 

The vascular rays, both uniseriate and 
multiseriate, broaden in width in the 
phloem. The tangential diameter of the 
ray cells increases progressively in the 
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cells farther and farther from the cam- 
bium. To a large extent, the ray cells and, 
to a lesser extent, the phloem paren- 
chyma cells form the ground tissue of the 
phloem. 

Many of these short parenchymatous 
ray cells become converted into very 
thick-walled cells inclosing rhombohedral 
crystals or enlarge greatly to form stone- 
cells with ramiform pits. These latter 
cells may have their long axes directed 
radially, tangentially, or vertically. In- 
deed, the most striking feature of the 
phloem in Casuarina is the large amount 
of sclerification. 

In radial or tangential sections it may 
be seen again that the sieve-tube ele- 
ments, companion cells, phloem fibers, 
and phloem parenchyma—the elongate 
elements—form an anastomosing sys- 
tem, while the thin-walled and _ thick- 
walled ray cells form a compact ground 
tissue. 

The sieve tubes in the bark from old 
trees are composed of sieve-tube ele- 
ments of the second type (67). They are 
of moderate length (approximately 165— 
245 u) and have oblique end walls, each 
end wall extending about one-eighth of 
the total length of an element. On each 
end wall there are five to ten sieve plates. 
The side walls of the sieve tubes bear the 
lattice-work of vestigial sieve plates with 
no visible pores. The sieve-tube elements 
of the phloem of 1- to 2-year old branches 
tend to be longer and more narrow in 
diameter. The side walls of these ele- 
ments bear circular to oval vestigial 
plates which usually lack pores. Occa- 
sionally, these sieve plates may have in- 
distinct pores; and, therefore, it is doubt- 
ful if they are functional. 

The companion cells are difficult to 
discern, but apparently there is only one 
associated with each siéve-tube element. 
The companion cell is usually about two- 
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thirds the length of its sieve-tube ele- 
ment. 

There seems to be little crushing or ob- 
literation of the phloem as it is forced 
outward by the formation of new phloem 
within. In young branches, 1-2 years old, 
the phloem contains very few scleren- 
chymatous cells and is surrounded by the 
cortex which is composed of typical, iso- 
diametric, thin-walled cells. The phel- 
logen arises originally in the cortex, but 
successive formations soon develop in 
the phloem. The phellem consists of 
dead, thin-walled, nearly isodiametric 
cells, which are slightly longer tangen- 
tially. The cells are filled with a light- to 
dark-brown material which probably is 
largely tannin. 


Discussion 


THE RELATION OF THE CASUARINACEAE 
TO ANGIOSPERM PHYLOGENY 

The systems of classification that have 
been proposed since the time of Lin- 
NAEUS are numerous and varied, but 
there emerges from the study of them the 
conclusion that there are two chief the- 
ories for the origin, classification, and 
phylogeny of the angiosperms. Each the- 
ory is constructed on its fundamental 
conception of the primitive angiosperm 
type. 

The first theory, in essence, considers 
that the angiosperms were derived from 
coniferous- or gnetalian-like ancestors 
and that the extant gymnosperms repre- 
sent a stage of development through 
which the angiosperms must have passed 
in their evolution. The most primitive 
angiosperms, then, should possess char- 
acters that are not greatly different from 
those of the living Coniferales and 
Gnetales. The habit should be arbores- 
cent or shrubby. The flowers should be 
apetalous, anemophilous, unisexual, of 
few parts, and grouped in conelike in- 
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florescences or catkins. Evolution must 
have proceeded, therefore, by the trans- 
formation of bisexual, anemophilous in- 
florescences into entomophilous flowers: 
by the formation of a perianth from the 
large outer bracts (or development de 
novo); by the telescoping of the inflores- 
cence axis; by fusion of the bracteoles 
surrounding the ovules to form carpels; 
and by the loss of the remaining bracte- 
oles between flowers. Accordingly, the 
so-called Amentiferae provide the neces- 
sary primitive angiospermous characters, 
and the Gnetales are usually cited as the 
transitional gymnospermous forms. The 
systems of ENDLICHER (48), EICHLER 
(47), WETTSTEIN (140), and of ENGLER 
and his school (49, 50, 51, 79, II5) are 
similar in following this theory. The 
Apetalae are considered primitive, and 
the Monochlamydeae are thought of as 
transitional to the derived, polypetalous 
Magnoliales and allied groups. 

The system of ENGLER, published in 
the first edition of Die natiirlichen Pflan- 
zenfamilien, first appeared without ex- 
planation. In two articles published in a 
supplement to Volumes 2-4 (50), how- 
ever, ENGLER offered a synopsis of his 
classification of the seed plants or Si- 
phonogama, followed by an explanation 
of his system. He stated that the most 
important character determining the ar- 
rangement of his alliances is the evolu- 
tion of the flower—specifically, the de- 
velopment of a perianth. In the dicotyle- 
dons he considered the absence of a peri- 
anth (achlamydie) primitive, and the 
normal course of evolution the gradual 
appearance of a perianth, first as slightly 
modified bracts, then as a single perianth 
jacket (homoiochlamydie), and finally as 
a double and differentiated perianth 
(heterochlamydie). The evolution of the 
fruit and ovule stands next in impor- 
tance. 


For reasons which he did not fully ex- 
plain, he considered the presence of nu- 
merous fertilizable embryo sacs, develop- 
ing from numerous macrospores, and 
chalazogamy as outstanding primitive 
characters; and, chiefly on the basis of 
these two characters, placed the Verti- 
cillatae (Casuarinales) first among the 
achlamydeous orders, followed by the 
Piperales, Myricales, and Leitneriales. 
The Juglandales and Fagales stand first 
among the monochlamydeous orders, 
since they possess primitive bracteate 
perianths and, again, chalazogamy. 

When the polypetalous orders were 
finally reached, beginning with the 
Ranales, he invoked hypogyny, apo- 
carpy, and the spiral arrangement of 
parts as primitive characters. 

In Volume 14¢, published in 1926 (51), 
the question of angiosperm origin was 
discussed in great detail, and dicta or 
Prinzipien were presented. The latter 
were repeated in the eleventh edition of 
the Syllabus der Pflanzenfamilien (49). 
ENGLER stated that the angiosperms 
have been derived from gnetalian-like an- 
cestors, and he set up a hypothetical 
group, the Protangiospermae, to stand 
between ARBER and PARKIN’s Hemian- 
giospermae (1) and the modern angio- 
sperms. 

It is pertinent to describe a few of the 
transitional features presented by this 
hypothetical group. The Gnetales have a 
saclike perigonium, but the Protangio- 
spermae displayed an incipient perianth 
to account for the appearance of a peri- 
anth in the angiosperms. Although plants 
in the Gnetales are generally dioecious, 
occasional bisporangiate strobili occur 
(33). The Protangiospermae bore bisex- 
ual flowers (probably a result of the sup- 
posed tendency toward hermaphroditism 
initiated in the Gnetales) to account for 
the prevalent hermaphroditism in the 








268 BOTANICAL GAZETTE 


angiosperms. Yet, ENGLER’s primitive 
angiospermous orders were dioecious or 
monoecious. The exothecium of the 
gnetalian stamen became, without suff- 
cient explanation, an endothecium in the 
hypothetical group to provide for the 
origin of the endothecium of the angio- 
spermous stamen. The presence of nu- 
merous macrospores in the Casuarinaceae 
was considered a primitive character, 
even though the majority of extant gym- 
nosperms have lost this condition. To 
support the theory, and to account for 
the many macrospores of the Casuarina- 
ceae, the hypothetical Protangiospermae 
were supposed to have revived this pteri- 
dophytic character. 

ENGLER explained the conception of 
chalazogamy as a primitive character 
much as did WETTSTEIN (140). In the 
higher gymnosperms the pollen tube 
grew through the nucellus to the egg cell 
before fertilization. The development of 
the ovarian envelope in the simplest 
angiosperms hindered the access of the 
pollen tube to the nucellus. The pollen 
tube, however, retained its ability of 
growth through tissue and grew, there- 
fore, through the style, the funiculus of 
the ovule, and the chalaza. This is seen in 
the primitive orders of ENGLER and of 
WETTSTEIN (Casuarinales, Fagales, and 
Juglandales). Porogamy was derived 
from chalazogamy through the inter- 
mediate stage of mesogamy. In meso- 
gamy the pollen tube may enter through 
the micropyle or in its vicinity, but its 
path is from the style either to the base 
of the ovule and then up through one of 
the integuments as in Alchemilla arvensis 
(87) and Cucurbita pepo (97) or from the 
funiculus horizontally across the top of 
the integument as in certain species of 
Ulmus (103) and in Cannabis sativa (143). 
This lengthy account s€ems justified, as 
the writer is not aware of any adequate 
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discussion in the English language of the 
morphological basis for ENGLER and 
PRANTL’s system. 

WETTSTEIN’s classification of the di- 
cotyledons (140) is similar to that of 
ENGLER and PRANTL. WETTSTEIN, how- 
ever, went into greater details of mor- 
phology than ENGLER, although the gen- 
eral hypothesis was the same. The chief 
contribution of WETTSTEIN was the fa- 
miliar theory for the derivation of the 
petaliferous angiosperm flower from the 
compound inflorescence of Ephedra. The 
catkin of Casuarina was interpreted as 
intermediate in this evolution. It is as- 
sumed that WETTSTEIN employed Ephe- 
dra as a living example of a previous 
stage through which the angiosperms 
passed. 

The second theory considers the primi- 
tive angiosperms to be those with flowers 
that have a perianth and many free or 
nonfused parts arranged spirally on an 
elongated axis. The flowers, should be 
hermaphroditic, entomophilous, and hy- 
pogynous. Characters such as achlamy- 
dy, oligomery, sympetally, synsepally, 
zygomorphy, epigyny, syncarpy, ane- 
mophily, etc., are derived. It is often as- 
sumed by this hypothesis that the angio- 
sperms were derived from some gymno- 
spermous ancestor which possessed loose- 
ly arranged, many-parted strobili with 
megasporophylls above, microsporo- 
phylls below, and, still lower, sterile 
leaves which may have become perianth 
parts. Certain fossil Cycadophytae rath- 
er than fossil Coniferophytae are con- 
sidered to demonstrate incipient angio- 
spermous characters, and the Magnoliales 
are adjudged the most primitive extant 
angiosperms. This theory may be termed 
the ranalian theory. 

With BENTHAM and Hooker (21) the 
ranalian theory made its first appearance 
as a system of classification. Beginning in 
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1897 BESSEY (22, 23) published a series of 
papers in which there was outlined for 
the first time in the English language a 
series of dicta describing the lines of 
angiospermous evolution and a system of 
classification based upon these prin- 
ciples. It will suffice to say that BESSEy’s 
system probably is the one which em- 
bodies most completely the concepts of 
the ranalian theory. The system placed 
the Ranales as the most primitive group 
and considered such derived orders as the 
Rosales, Caryophyllales, and Primulales 
as secondary plexuses for the derivation 
of higher orders. The monocotyledons 
were derived from the dicotyledons 
through the Alismales. BESSEY (22) in- 
cluded the Casuarinaceae in the Sapin- 
dales but later placed the family in the 
Rosales as leafless representatives of the 
Hamamelidaceae. 

HALLIER (66) published a system very 
similar to that of Bessey. The amentifer- 
ous orders were relegated to a position 
near the end of the scheme. The Ha- 
mamelidaceae appeared in the Amenti- 
florae, and the Myricaceae, Salicaceae, 
Juglandaceae, and Betulaceae were con- 
sidered as derived from them. The 
Casuarinaceae were reduced to a tribe of 
the Betulaceae. ARBER and PARKIN pro- 
posed a theory for the origin of the 
angiosperms and created several purely 
hypothetical forms to account for the 
transition from the Bennettitales or 
bennettitalian-like ancestors to the known 
late Cretaceous and Tertiary angio- 
sperms. This hypothesis, common knowl- 
edge to phylogenists today, strongly sup- 
ported the ranalian theory. The Gnetales 
were considered by ARBER and PARKIN 
(2) as the last members of a race (reduced 
and arrested Proanthostrobilatae) which 
arose from the same hemiangiospermous 
stock as the angiosperms. HUTCHINSON 
(69, 70) worked out a scheme of phylog- 
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eny which, again, is essentially similar to 
that of Bessey. As far as possible, the 
Monochlamydeae were distributed among 
the Polypetalae as reduced and recent 
forms. The Casuarinales were still placed 
near the Urticales, Fagales, Myricales, 
Leitneriales, Garryales, and Salicales 
and were considered to be reduced 
from the Hamamelidales. The latter 
order was derived from the Rosales 
and considered as transitional to the 
amentiferous orders. 

A few additional authors should be 
mentioned. TREUB (134), on the basis of 
chalazogamy, separated the Casuari- 
naceae from the other dicotyledons and 
formed the Chalazogames, a subdivision 
equivalent to the Porogames, containing 
the remaining dicotyledons and mono- 
cotyledons. RENDLE (114) gave a suc- 
cinct translation of TREUB’s epochal 
paper and criticized him for separating 
the Casuarinaceae from the other angio- 
sperms on a single character. 

VUILLEMIN (136) presented probably 
the most fantastic idea for the relation- 
ship of Casuarina. He believed Casuarina 
to represent an arrested form transi- 
tional between the Hepaticae and the 
seed plants. He thought the tracheids 
among the macrospores to be the vestiges 
of the columnar axis of the bryophytic 
sporangium. On the basis of supposed 
similarities between the outer vascular 
system of the very young Casuarina 
stem and the vascular system of Eguise- 
tum, and the similarity of the jointed 
stems and reduced leaves in both genera, 
CorRDEMOY (39) derived Casuarina from 
the aborescent Calamodendraceae (Cala- 
mitaceae). 


PHYLOGENY OF THE CASUARINACEAE AS 
INDICATED BY ANATOMICAL EVIDENCE 


This discussion is an attempt to evalu- 
ate the anatomical characters of the 
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Casuarinaceae in the light of the phylo- 
genetic dicta listed in the introduction; 
for each character of phylogenetic value 
the existing condition in the family is 
pointed out as either primitive or spe- 
cialized. 

The wood of the genus presents only 
one primitive character of importance, 
the solitary distribution of the vessels. 
There is an imposing array of characters, 
however, which signifies not primitive- 
ness but a moderate or intermediate 
phase of evolutionary advancement. 
These characters are: the presence of 
fiber-tracheids as well as tracheids but 
the lack of libriform wood fibers; the 
length of fibrous elements, very short to 
medium-sized; spiral thickenings in the 
fibrous elements and vessel elements of 
several species but absent in others; the 
predominance of circular thin-walled ves- 
sel elements but with some angular, 
thin-walled and some angular to circular 
thick-walled vessel elements; vessels very 
small to medium-sized; the predominance 
of vessel elements with simple perfora- 
tion plates, although in many species a 
low proportion of the elements have 
scalariform plates with narrow apertures 
and bars with complete borders; the 
prevalence of the intermediate number 
of bars composing the scalariform perfo- 
ration plates; the occurrence in most 
species of at least a few vessel elements 
with transverse end walls and the pre- 
dominance of vessel elements with end 
walls between 40° and 80°; the very short 
to moderately long vessel elements; the 
heterogeneous type IIB rays and the 
tendency toward the elimination of 
either the uniseriates or the multiseriates 
in certain species; the common occur- 
rence of aggregate rays and the trend to- 
ward their dissection and loss; and, 
finally, the constant presence of metatra- 
cheal parenchyma, the tendency toward 
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the elimination of the diffuse paren- 
chyma, and the development of paratra- 
cheal types. There is one character, also, 
that may be cited as highly specialized— 
the overwhelming prevalence of alternate 
intervascular pitting. The presence of 
only simple perforation plates on the ves- 
sel elements of the Trachypitys and 
Acanthopitys might also be added as a 
highly specialized condition. 

Certain limited conclusions may be 
drawn on the basis of the anatomical evi- 
dence. As the secondary wood of Casua- 
rina exhibits so few anatomical char- 
acters which have been proved as primi- 
tive and so many characters which have 
been proved as specialized or advanced, 
it is suggested that the Casuarinaceae are 
a specialized family of the angiosperms 
and not a primitive group. The evidence 
also indicates that, although Casuarina 
presents many specialized characters, the 
degree of specialization is only moder- 
ately advanced. Further than this it is 
not possible to go until evidence from 
other sources is considered. 


A CORRELATION OF EVIDENCE FROM 
ANATOMY AND FLORAL MORPHOLOGY 


BESSEY (22, 23,), HUTCHINSON (69), 
and HALLIER (66) derived the Casuari- 
naceae from the Hamamelidaceae, chiefly 
on the basis of floral morphology. Hat- 
LIER and HUTCHINSON, in turn, derived 
the Hamamelidaceae from the Magno- 
liales. BEssEY derived the Rosales (in- 
cluding the Hamamelidaceae) from the 
Magnoliales. Even WETTSTEIN (140) and 
ENGLER and PRANTL (50, 51) saw a rela- 
tionship between the Rosales and the 
Hamamelidaceae. WETTSTEIN, however, 
placed the Hamamelidaceae before the 
Polycarpicae, and the latter group was 
considered as derived. According to most 
adherents of the ranalian theory, there- 
fore, the Hamamelidaceae are considered 
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as derived from the Magnoliales, or from 
an ancestral group similar to the extant 
Magnoliales, by reduction. Reduction in 
parts seems to be one of the chief lines of 
floral evolution in the derivation of 
angiospermous groups from the Magno- 
liales, and the Rosales, including the 
Hamamelidaceae, give abundant evi- 
dence of this reduction tendency. 

If the outstanding floral characteris- 
tics of the Casuarinaceae are enumer- 
ated, the resemblance between the Ca- 
suarinaceae and the Hamamelidaceae is 
startling. It may be easily conceived that 
the trends toward reduction initiated in 
the Hamamelidaceae have progressed to 
extremes producing the conditions found 
in the Casuarinaceae: plants monoecious 
or dioecious; the male flowers in spicate 
inflorescences, the female in capitate 
inflorescences; male flowers with two (or 
one) small perianth leaves, female flowers 
without perianth; stamens reduced to 
one; Ovary superior, composed of two 
carpels, one-celled at maturity but show- 
ing suppression of one locule in ontogeny, 
usually only one maturing; and seed soli- 
tary, with a straight embryo and no 
endosperm. According to the supporters 
of the ranalian theory, the Casuarinaceae, 
on the basis of floral characteristics, 
could have been derived from the Ham- 
amelidaceae by further reduction. A 
comparison of the above floral character- 
istics with those of the Hamamelidaceae 
clarifies this hypothesis. 

Two additional authors, among others, 
have supported the ranalian theory. 
ROBERTSON (119) believed that syncarpy 
and polyspermy were entomophilous 
characters. He found it difficult to im- 
agine syncarpy arising in anemophilous 
groups; rather, he considered that the 
syncarpy of anemophilous orders was 
carried over from entomophilous groups. 
Also, polyspermy correlated with syn- 
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carpy and dependent on entomophily 
could hardly have arisen in anemophilous 
groups where it was difficult for the fe- 
male flowers to obtain enough pollen for 
a single ovule. PARKIN (107), in a de- 
tailed examination of inflorescence types, 
clearly stated that the solitary terminal 
flower was primitive and that the in- 
florescence (including the catkin) was 
derived. 

The systems founded upon the ranalian 
hypothesis (1, 21, 22, 23, 69, 70, 92) and 
the various lines of supporting evidence 
based upon floral morphology, therefore, 
lend support to the hypothesis that the 
Casuarinaceae are an advanced, yet re- 
duced, and derived group rather than a 
primitive family (47, 48, 49, 50, 51, 140). 
There is also a general agreement, among 
the authors supporting the ranalian hy- 
pothesis, that the Casuarinaceae have 
been derived from the Hamamelidaceae. 
At present, no evidence can be offered by 
floral anatomy, as far as the Casuari- 
naceae are concerned. 

It has been stated previously that the 
Casuarinaceae on anatomical evidence 
cannot be considered a primitive (or the 
primitive) group of the Angiospermae. 
This conclusion is founded on phyloge- 
netic dicta of anatomy which are in turn 
based on evidence assembled without 
reference to preconceived systems of 
phylogeny. The anatomical evidence 
coupled with the evidence of the derived 
nature of the flower makes it impossible 
to consider the Casuarinaceae as a primi- 
tive group and requires that the family 
be derived, if possible, from some other 
group of the angiosperms. Floral struc- 
ture indicates that the Casuarinaceae 
have been derived from the Hamameli- 
daceae, and floral morphology also sup- 
ports the view that the Hamamelidaceae 
are in turn reduced Magnoliales. It is im- 
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portant, now, to see if the anatomical 
evidence will substantiate these claims. 

The Magnoliales have many primitive 
anatomical characters to recommend 
their position as the most primitive 
group of the Angiospermae (go). T1Ippo 
(129) summed up the anatomical evi- 
dence for this order in the following 
manner: 

The Magnoliales exhibit a considerable range 
of anatomical specialization, yet the more primi- 
tive groups (anatomically) may be characterized 
as follows: Some of the members have no ves- 
sels. Many of the forms have exclusively scalari- 
form perforation plates. The perforations are 
completely bordered, or bordered to the middle, 
or bordered at the ends. Many species have 
many bars on the perforation plates; often the 
perforations are narrow. The vessel elements are 
characterized by great length and small diame- 
ter. The vessels are usually angular and thin- 
walled. The vessel end walls are very oblique. 
Intervascular pitting is scalariform in many. 
The woods are diffuse-porous. Most of the ves- 
sels are solitary. The fibrous tracheary elements 
in many species are tracheids exclusively. The 
fibrous tracheary elements are very long. Many 
of the forms have heterogeneous I rays. Some 
of the species have diffuse parenchyma. Almost 
all forms are arborea) in habit. On the basis of 
anatomy, therefore, there is much to recom- 
mend the Magnoliales as a very primitive order 
among the Dicotyledons. 


The Hamamelidaceae, in turn, present 
many primitive anatomical features and 
are, anatomically, scarcely higher than 
the Magnoliales. The pronounced reduc- 
tion of the flowers indicates that they 
have become specialized, yet their ana- 
tomical characters signify a close rela- 
tionship between the two groups. TrpPo 
(129) derived the Hamamelidaceae from 
the Magnoliales by use of the ‘‘anatomi- 
cal method.” The outstanding anatomical 
features of the Hamamelidaceae (129) 
are: 

All but one species kave tracheids exclu- 
sively; the vessels are mostly solitary; the woods 
are diffuse-porous; the vessels are angular, thin- 
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walled, and extremely small; the perforation 
plates are exclusively scalariform; the end walls 
of the vessel members are very oblique; the 
intervascular pitting is scalariform, transitional, 
and opposite; the vessel elements are very long; 
the rays are usually heterogeneous I, or IIA; 
and the xylem parenchyma is diffuse in most 
species. 


The Casuarinaceae, on the other hand, 
as indicated previously, present anatomi- 
cal characters that are moderately spe- 
cialized and which may be considered to 
denote an evolutionary level above but 
not far above the Hammamelidaceae. 
The occurrence of tracheids and fiber- 
tracheids but not libriform wood fibers; 
the presence of circular, thin-walled as 
well as circular thick-walled, moderately 
small to medium-sized vessels; the pres- 
ence of simple as well as scalariform 
perforation plates, yet only simple in 
some species; the occurrence of some ves- 
sels with transverse end walls; the pre- 
dominance of alternate intervascular 
pitting; the heterogeneous IIB rays; and 
the constant appearance of metatracheal 
parenchyma but also of diffuse paren- 
chyma: all these characters denote that 
the Casuarinaceae have evolved beyond, 
yet not far beyond, the Hamamelidaceae. 
On the contrary, however, the univer- 
sally solitary distribution of the vessels; 
the diffuse-porosity with only a slight 
tendency to ring-porosity; the occurrence 
of angular thin-walled vessels and occa- 
sionally angular thick-walled vessels in 
some species (also almost universally 
angular and thin-walled in young wood); 
the occurrence of scalariform plates in 
many species (and in the young wood of 
nearly all species); the predominance of 
vessel elements with oblique end walls; 
the occurrence of transitional intervascu- 
lar pitting in one species and opposite in 
several; the retention of the diffuse pa- 
renchyma in most species: all these char- 
acters suggest the possibility of a close 
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relationship between the Casuarinaceae 
and the Hamamelidaceae. 

[t may be said, then, that the anatomi- 
cal evidence obtained from the investiga- 
tion of the Casuarinaceae supports, or at 
least is not inconsistent with, the deriva- 
tion of the Casuarinaceae from the 
Hamamelidaceae. In this matter the au- 
thor is in agreement with TipPo (129), 
who, in his survey of the amentiferous 
orders, derived the Casuarinaceae from 
the Hamamelidaceae. The author also 
agrees with Trppo that the Casuarinaceae 
are at an anatomical level of evolution 
higher than that of the Betulaceae and 
lower than the Fagaceae. 


[EVIDENCE FROM EMBRYOLOGY AND 
GAMETOPHYTIC MORPHOLOGY 


Swamy (127) has surveyed the litera- 
ture on embryological and gametophytic 
morphology of Casuarina, and the pres- 
ent author has drawn heavily on SWAMyY’s 
manuscript as a basic source of informa- 
tion on this subject. TREUB (134) was 
the first to publish on the embryology of 
Casuarina. He reported such oddities as 
the formation of sporogenous tissue by 
proliferation of other sporogenous cells 
and the formation of tracheids in the 
sporogenous tissue in the region of the 
chalaza, the massive sporogenous tissue, 
the simultaneous development of .many 
fertilizable embryo sacs, the absence of 
antipodals, the formation of fifty endo- 
sperm nuclei before fertilization, the 
chalazogamic path of the pollen tube, 
and other aberrations. Although no one 
has repeated TREUB’s work on C. sube- 
rosa, the investigation of other species 
(59, 81, 127) casts serious doubt on 
TREUB’s report of the absence of antip- 
odals and the formation of endosperm 
nuclei before fertilization. 

The interest in these peculiar features 
of the gametophyte lies in the fact that 
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many authors conclude that, because 
certain characters of a group differ from 
those in the majority of the angiosperms, 
the group in question must be primitive. 
The papers of TrEuB, JUEL, FrvE, and 
Swamy yield the following pertinent 
‘differences’: the formation of massive 
sporogenous tissue, the frequent division 
of each spore mother cell producing 
numerous macrospores, the maturation 
of a number of macrospores into fertiliz- 
able embryo sacs, and the phenomenon of 
chalazogamy. 

Owing to the fact that nearly all these 
aberrant characters have been discov- 
ered in a number of plants in various 
unrelated groups throughout the Angio- 
spermae, it is now thought that these 
atypical characters are sporadic peculiar- 
ities which have little if any phylogenetic 
significance. It is particularly important 
(121) to note that the embryo-sac devel- 
opment in Casuarina is of the normal 
type. In addition, the embryo is straight 
and develops from a linear series of cells 
as in most angiosperms. Massive spo- 
rogenous tissue occurs in the Rosaceae 
and the Malvaceae (120) as well as in the 
Casuarinaceae. Numerous macrospores 
are now known to occur also in the 
Ranunculaceae, Rosaceae, Onagraceae, 
Compositae, Fagaceae, and Umbelliferae 
(120). It is particularly significant that 
many macrospores have been discovered 
in Hamamelis (122), and this fact gives 
added support to the thesis that Casua- 
rina is derived from the Hamameli- 
daceae. As far as this author is aware, no 
other cases of numerous fertilizable 
embryo sacs have been reported for the 
angiosperms. 

True chalazogamy is now known to 
occur in the Casuarinaceae (59, 127, 
134), the Betulaceae (99, 100, 104), the 
Corylaceae (18, 19, 55, 101, 105), and the 
Juglandaceae (24, 82, 98, 102, 106, 142). 
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Mesogamy occurs in certain members of 
the Ulmaceae (103), the Cannabinaceae 
(143), the Cucurbitaceae (87), and in 
Alchemilla arvensis of the Rosaceae (97). 
It seems more reasonable to interpret 
chalazogamy as having arisen in certain 
members of the Amentiferae through the 
transitional stages of mesogamy seen in 
other groups (40) than to suppose with 
ENGLER and PRANTL and with WETT- 
STEIN that porogamy has arisen from 
chalazogamy through mesogamy. 

In summary, the author is of the opin- 
ion that these peculiarities cannot be 
given as much weight in our phylogenetic 
schemes as the numerous anatomical 
characters which have been demon- 
strated repeatedly to be of phylogenetic 
value. Nor can these sporadic aberrations 
be considered of much _ phgeylonetic 
value in the presence of far more con- 
stant characters in the majority of angio- 
sperms, such as the nonmotile sperms, 
the presence of closed carpels, double fer- 
tilization, and the eight-celled embryo 
sac. It is concluded, then, that these 
unusual gametophytic characters of the 
Casuarinaceae do not invalidate the con- 
tention that the family is not primitive 
or invalidate the conclusion that the 
family is moderately specialized and 
probably derived from a more primitive 
group as the Hamamelidaceae. 


MISCELLANEOUS LINES OF EVIDENCE 


SECONDARY PHLOEM.—Two important 
conclusions may be drawn from the in- 
vestigation of the secondary phloem of 
Casuarina: the secondary phloem is 
highly specialized in its extreme sclerifi- 
cation of the fibers, stone cells, and thick- 
walled ray cells; yet, the diagnostically 
important sieve-tube element being of 
the second type, has advanced only mod- 
erately. In other words, the phloem has 
reached an evolutionary level equal to 
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that of the xylem. This evidence again 
indicates that Casuarina is not primitive 
but moderately advanced or specialized. 
NODAL ANATOMY.—SINNOTT (123) has 
shown that there are three types of nodal 
structure in the angiosperms. The trila- 
cunar condition was considered primitive 
and the unilacunar and multilacunar 
states derived. The Casuarinaceae (123) 
have a single trace entering each leaf. 
One gap is formed by each trace. The 
Hamamelidaceae, on the other hand, 
demonstrate the more primitive trila- 
cunar condition. This evidence, in con- 
junction with other evidence, supports 
previously stated conclusions. 
Cytotocy.—The basic chromosome 
number of Casuarina is probably twelve 
(60, 61, 127), although various numbers 
have been reported. The Hamameli- 
daceae demonstrate inost commonly 
numbers of twelve and fifteen (60, 61, 62, 
132, 133, 137). It is not inconsistent, in 
view of the other evidence favoring the 
derivation of the Casuarinaceae, to con- 
sider that the chromosome number of 
twelve found in members of the Casuari- 
naceae substantiates a relationship to the 
Hamamelidaceae (137). 
PALEOBOTANY.—Three species of Cas- 
uarina have been reported from the Ter- 
tiary of Europe (54), but grave doubts 
have been cast on the identification of 
these species (144). Two fossil wood spec- 
imens of Casuaroxylon of unknown lo- 
cality or horizon (80) and one extremely 
doubtful vegetative specimen from the 
Lower Cretaceous of America (138) have 
been described. Questionable species 
from the Tertiary and Cretaceous de- 
posits of Australia, New Zealand, and 
Tasmania have been mentioned (41, 85). 
At the present it is only possible to say 
that the scarcity, or lack, of authenti- 
cated fossil specimens of the Casuari- 
naceae in no way negates but rather 
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favors the conclusions that the family is 
a moderately advanced one and probably 
derived from the Hamamelidaceae. 
POLLEN MORPHOLOGY.—The conclu- 
sion that the Casuarinaceae are not 
primitive is further supported by the 
type of pollen grain found in this family. 
The grains are not of the most primitive 
monocolpate type (141) found in the 
Magnoliaceae nor are they of the more 
advanced tricolpate type found in the 
Hamamelidaceae. The pollen grains of 
Casuarina equisetifolia are acolpate, with 
three equatorial germinal pores (52); 
they are, therefore, probably derived 
from the tricolpate type. 
Ecotocy.—The majority of the Ca- 
suarinaceae thrive either along the coast 
in brackish areas or in sand dunes or on 
dry, sandy, upland savannas. They grow, 
then, in soils that are either physiologi- 
cally or climatically arid. It is felt that 
this corroborates the view that the sup- 
posed simple characters are the result of 
reduction rather than primitiveness. The 
superficial resemblance among Casuarina, 
Pinus, Equisetum, and Ephedra is ex- 
plainable on the grounds that they are all 
xerophytes or near-xerophytes. In other 
words, the resemblance is the result of 
convergent evolution, just as the un- 
related spurges, cacti, aloes, and agaves, 
which grow in the same habitats, are 
strikingly similar in appearance. 


Summary 

1. The chief purposes of this investiga- 
tion have been to contribute toward a 
better understanding of the evolutionary 
status of the Casuarinaceae; to present a 
thorough anatomical description of the 
family; and to tabulate, at least provi- 
sionally, the outstanding characteristics 
of twenty-nine species. 

2. The anatomy of the secondary 
xylem of the old wood (wood at some dis- 


tance from the pith) may be summarized 
as follows: Growth rings are poorly de- 
fined or absent; both tracheids and fiber- 
tracheids are found in all but one species, 
in which only tracheids occur; tracheids 
generally predominate, and the larger, 
thinner-walled tracheids are vasicentric; 
the fiber-tracheids often have very thick 
walls; the fibrous elements are extremely 
short to moderately long, mostly short to 
medium-sized; spiral thickenings occur 
in the fibrous elements of six species. The 
range of species means for the number of 
vessels per square millimeter is from 
moderately few to very numerous; vessel 
distribution is universally solitary; dif- 
fuse-porosity is characteristic, although 
there is a very slight tendency toward 
ring-porosity; the majority of species 
have vessel elements which are thin- 
walled, circular in outline, although 
thick-walled, circular to somewhat angu- 
lar vessels occur in seven species. Vessel 
diameters range from very small to mod- 
erately large (genus mean is 63 u, mod- 
erately small), mostly from very small to 
medium-sized. The old wood of eight 
species has vessel elements with only 
simple perforation plates; the remaining 
species have scalariform and simple per- 
foration plates. Among the species with 
scalariform plates, the majority have 
plates with the intermediate number of 
bars; the bars of the scalariform plates 
are completely bordered, and the open- 
ings between the bars are predominantly 
narrow. The majority of the species have 
vessel elements with sloping end walls, 
most frequently from 40° to 80°; trans- 
verse end walls are not uncommon in 
some species, however. Intervascular 
and ray-vessel pitting is largely alternate. 
The range of vessel-element lengths falls 
in the very short to moderately long 
classes; the genus mean is 439 u (me- 
dium-sized). Spiral thickenings occur 
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characteristically in the vessel elements 
of thirteen species and sporadically in 
five species; the remaining species have 
vessel elements with generally no spiral 
thickenings. The vascular rays are het- 
erogeneous IIB. Aggregate rays occur in 
the old wood of twenty-three species but 
are absent in four species. Metatracheal 
parenchyma occurs in all species, diffuse 
in nearly all, and paratracheal types in 
one. 

3. The taxonomic divisions of the 
genus by BENTHAM and by PolIsson are 
considered on an anatomical basis. In 
general, the anatomical evidence sup- 
ports the respective divisions of the 
genus, but it is suggested that C. torulosa 
and C. decaisneana might be better 
placed in Leiopitys. Anatomical char- 
acters are used to assign to sections those 
species given binomials since the time of 
BENTHAM and of Poisson. Tentative 
suggestions are offered, based on anatom- 
ical data, for a better understanding of 
certain species. A survey of the present 
taxonomical status of the genus revealed 
that a taxonomic monograph would be 
extremely valuable. 

4. The phylogenetic conclusions based 
on anatomical evidence are as follows: 
the Casuarinaceae are a specialized fam- 
ily of the Angiospermae and are not a 
primitive group. The evidence also indi- 
cates that, although Casuarina presents 
many specialized characters, it is mod- 
erately rather than highly specialized. 

5. Floral morphology indicates that 
the Casuarinaceae have been derived 
from Hamamelidaceae-like ancestors. 
The lines of floral reduction seen in the 
Hamamelidaceae seem to have been car- 
ried to extremes in the Casuarinaceae. A 
study of the correlation between ’anat- 
omy and flower structure of the Casuari- 
naceae precludes the retention of the 
family as a primitive (or the primitive 
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group) of the Angiospermae. In addition, 
the anatomical evidence presented sup- 
ports, or at least is not inconsistent with, 
the derivation of the Casuarinaceae from 
hamamelidaceous ancestors as suggested 
by floral morphology. 

6. A tabulation of the distinguishing 
characteristics of the species is offered. 
In most cases, combinations of anatomi- 
cal characters distinguish the species or 
groups of species. 

7. The aggregate ray in Casuarina is 
considered to arise in ontogeny, and to 
have arisen in phylogeny, by the aggre- 
gation of uniseriate and multiseriate 
rays. The aggregate and compound rays 
undergo dissection to some extent in the 
later development of the xylem in all the 
species. 

8. The secondary phloem is moder- 
ately advanced. The sclerification of ray 
cells and the production of large stone 
cells indicates specialization. The sieve- 
tube elements are of the second type— 
with moderately oblique end walls and 
with nonfunctioning lattice-work on the 
side walls—and denote a moderate spe- 
cialization relatively equal to the evolu- 
tionary level attained by the xylem. This 
moderate advancement supports the con- 
clusions based on wood anatomy and 
floral morphology that Casuarina is not 
primitive but has been derived by spe- 
cialization and reduction from a more 
primitive group. 

9. The numerous gametophytic aber- 
rations of Casuarina are discussed, and 
the conclusion is reached that these 
atypical characters are sporadic peculiar- 
ities which have little if any phylogenetic 
significance. Other evidence offered by 
nodal anatomy, cytology, paleobotany, 
pollen morphology, and ecology is evalu- 
ated and found to support the thesis that 
the Casuarinaceae are not primitive but 
moderately specialized. 
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A STUDY OF THE PLASTIDS IN THE CELLS OF THE 
MATURE SPOROPHYTE OF ISOETES 


WILSON N. STEWART 


Introduction 

STRUCTURE OF PLASTIDS.—To early 
workers chloroplasts appeared optically 
homogeneous. MEYER (17) demonstrated 
with the aid of living preparations that 
the chloroplasts of Acanthophippium pos- 
sess an almost colorless ground substance 
(stroma) in which are imbedded chloro- 
phyll-containing granules (grana—fig. 
1). This view was supported by the re- 
searches of SCHIMPER (20) but was not 
generally accepted until more recently 
when Hertz (8) and WEIER (23, 24, 25) 
observed the grana in the chloroplasts of 
many different species of plants. 

According to HE1rz (8), the grana are 
not spherical but are plate-like structures 
ranging from 0.5 to 2.0 uw in diameter and 
are aligned in regular rows. This align- 
ment frequently gives the appearance of 
fibrils, a fact which has been offered as an 
explanation of the fibrillar structure of 
the chloroplast described by HABER- 
LANDT (7). 

YuASA (26) studied i vivo the chloro- 
plasts of Pteris multifida, Adiantum capil- 
lus—veneris, Athyrium nipponicum, Sela- 
ginella uncinaia, and S. kraussiana and 
described them as having a thin external 
membrane and an inner ground sub- 
stance containing a chlorophyll network. 
The chlorophyll network in turn is dif- 
ferentiated into a linear arrangement of 
grana and connecting threads (fig. 2). 
He showed the network lying well within 
the stroma of the plastid apart from the 
plastid membrane. The grana described 
by Yuasa are spindle-shaped structures 
0.5-2.0 uw in length. 


ZIRKLE (28) investigated the structure 
of the chloroplasts of several spermato- 
phytes, pteridophytes, bryophytes, and 
green algae, and observed ‘colorless 
granules” in chloroplasts seen in face 
view. He interpreted these granules as 
the ends of pores which pass through the 
stroma and connect with a larger central 
vacuole of the plastid. 

The citations given above include the 
major concepts of plastid structure. It 
was one of the purposes of the present 
investigation to determine the structure 
and function of the plastids of Jsoetes. 

PLASTID POLARITY.—If a single plastid 
of a meristematic cell divides to form two 
(or four) daughter plastids, each of which 
functions in the formation of the achro- 
matic figure as they migrate to the poles 
of the cell and each of which persists in 
one of the daughter cells after nuclear 
and cell division, a cell is said to exhibit 
“plastid polarity” (4). This type of 
plastid behavior has been described as 
occurring in the meristematic cells of 
many pteridophytes and bryophytes (1, 
3; dy §; 6G) 26; 26,10) 22). 

The behavior of the plastids in vegeta- 
tive cells of Jsoetes was first described by 
MARQUETTE (13), who observed a single 
“polar structure’ in each cell of the inter- 
calary meristem of the leaf of 7. macro- 
spora. The “polar structure” was shown 
to exhibit plastid polarity. DUNLop’s (4) 
more recent description of plastid be- 
havior in the root tips of J. muricata var. 
braunii is similar to MARQUETTE’s de- 
scription for the leaf meristem. 

It was evident that thus far there were 


281 






































Fics. 1-5.—Figs. 1-4, chloroplast types. Fig. 1, chloroplast of Acanthophippium; s, stcoma; m, membrane; 
g, grana. (After MrvER.) Fig. 2, chloroplast of Selaginella; c, connecting fibers. (After Yuasa.) Fig. 3, 
chloroplast of Jsoetes muricata var. braunii; surface view. Fig. 4, chloroplast of J. muricata var. braunii, side 
view. Fig. 5, diagram of longisection through mature sporophyte of Jsoetes; V, velum; Sp, sporangium, Fi, 
blade of ligule; B/, base of ligule; Lp, leaf primordium; Sc, secondary parenchyma; Rp, root primordium; 
Sa, stem apex; Cb, anomalous cambium; Pris, prismatic layer; Rh, rhizophore meristem; Rm, root meristem. 
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descriptions of plastid polarity for only 
two regions in the vegetative sporophytic 
tissues of Zsoetes and that many of these 
tissues remained to be examined. Thus 
the second purpose of this investigation 
was to make an examination of all the 
meristematic vegetative tissues of the 
sporophytes of available species of 
Isoetes, to determine whether their plas- 
tids assume polar positions. 


Material and methods 


Two species of Jsoetes were used. 
I. macros pora was collected from Devil’s 
Lake, Sauk County, Wisconsin. 7. muri- 
cata var. braunii was found growing in 
Little Crooked Lake and Boulder Lake, 
Vilas County, Wisconsin. 

A collection of nearly a hundred living 
plants of J. muricata var. braunii was 
brought to Madison, planted in tanks 
and maintained under greenhouse condi- 
tions. Half of them were planted in fine 
sand from the lake bottom in which they 
originally grew. The remainder was 
planted in a mixture of sand and fine 
gravel obtained from the greenhouse 
supply. All plants were covered with 
about 18 inches of slowly circulating lake 
water. Only those plants maintained in 
their natural substrate showed contin- 
ued vigorous growth. 

The healthy plants were used for stud- 
ies in vive of the structure of the chloro- 
plast. Free-hand sections were made of 
the leaves with a razor blade. The struc- 
ture of the chloroplast is very evident in 
material mounted in water and remains 
unaltered when either 7.5% sucrose or 
physiological saline solution is used. 
Graham’s iodine was used to determine 
the position of the starch within the 
chloroplast. 

Collections of material for fixation 
were made of both species of Jsoetes in 
the summers of 1938, 1940, and 1941. 


Pe) 


The killing fluids used included Belling’s, 
Flemming’s medium and strong, chro- 
macetic a and 6, Randolph’s, and F.A.A. 
Dehydration and infiltration series of 
ethyl alcohol and chloroform were used; 
the material thus treated was imbedded 
in “Parowax.”’ Sections cut 8-10 yp thick 
were stained with one of the following 
combinations: picric acid and crystal 
violet, Flemming’s triple stain, or Hei- 
denhein’s iron-alum haematoxylin. 

During the course of this study serial 
sections of all the tissues of the mature 
sporophyte of both species of /soetes were 
made. Both living and fixed material 
were used in studying the structure of the 
plastid. 


Observations 
STRUCTURE OF PLASTIDS 


CHLOROPLASTS.—Chloroplasts seen in 
vivo in the mature leaf cells of Jsoeles 
muricata var. braunii are ovoid. Their 
average dimensions in face view are 
7.8 u in length, 5.3 u in width; in side 
view the average width is 3 uy. Each 
chloroplast is bounded by what appears 
to be a membrane (figs. 3, 4). Distributed 
through the stroma 1s a distinct network 
consisting of grana and connecting 
threads (figs. 3, 4, 6-9). The grana of the 
chloroplast are linearly arranged, spindle- 
shaped structures averaging 0.85 4 in 
length and 0.4 uw in width. The distribu- 
tion of the chlorophyll within the plastid 
was not determined with certainty. It 
appeared to be associated with the 
stroma as well as with the network of the 
plastid. 

The most obvious difference between 
chloroplasts seen in a living cell and those 
in a fixed cell is the absence of chlorophyll 
from the latter. The grana and connect- 
ing fibers of the network undergo little 
change when a chloroplast is fixed (cf. 
figs. 7 and 23 with figs. 6, 8, and 9). 











Fics. 6-16.—Figs. 6, 8, 9, J. muricata var. braunii (camera lucida). Figs. 7, 10-16, I. macrospora (camera 
lucida). Figs. 6, 8, 9, chloroplasts from leaf cells as observed in free-hand sections. X 2270. Fig. 7, chloroplast 
as observed in killed and stained preparation. X 2270. Fig. 10, ‘‘resting” cell in intercalary meristem of leaf. 

< 1200. Figs. 11-16, stages of nuclear, cell, and plastid division in cells of intercalary meristem of leaf. X 1200. 
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The membrane of the chloroplast in 
killed and sectioned material was stained 
by either boiled Orange G, or an alco- 
holic solution of fast green, or Heiden- 
hein’s iron-alum haematoxylin. The in- 
tensity of the stain of the membrane is 
not much greater than the intensity of 
that taken by the surrounding dense 
cytoplasm and by no means equals the 
intense staining reaction of the nuclear 
membrane. The network of grana and 
connecting fibers takes a deep stain with 
either gentian violet or Heidenhein’s 
haematoxylin. 

LeucopLasts.—Unlike the chloro- 
plasts, the leucoplasts are extremely 
variable in form. In size and shape the 
leucoplasts differ according to the sporo- 
phytic tissue in which they occur. Each 
meristematic cell, as seen in the meta- 
bolic stage, contains but one plastid 
which is tightly appressed to one side of 
the nucleus, covering approximately one- 
third of the nuclear surface (figs. 10, 24, 
25, 26, 30, 37, 49). This plastid, like the 
chloroplast, has a delicate membrane 
which delimits it from the surrounding 
cytoplasm. Within the plastid can be 
seen fine threads extending between 
small granules (figs. 10, 25, 26, 30, 37, 
49). Frequently the delicate threads are 
seen to extend across the width of the 
plastid from that side appressed to the 
nucleus to the side adjoining the cyto- 
plasm (figs. 10, 49). 

As the cells of the meristematic regions 
mature, the single plastid in each may 
enlarge as the number of starch grains 
increases, and it becomes a well-defined 
leucoplast (figs. 21, 22, 27, 45, 46). Fre- 
quently associated with each small 
starch grain in the leucoplast is a minute 
refractive body which stains red with the 
triple stain (figs. 19, 45, 46). A layer of 
violet-staining starch surrounds each 
such body. In a larger starch grain the 


position earlier occupied by the refrac- 
tive body is represented by the hilum 
(figs. 22, 58). The increase in the size of 
the starch grain is accompanied by an 
increase in the size of the refractive 
hilum. Figure 58 shows the typical non- 
laminated starch grains of a storage cell. 


POLAR BEHAVIOR OF PLASTIDS 

Lear.—The leaf primordium owes its 
origin to the activity of an apical cell 
which occupies the base of a cuplike de- 
pression in the apical region of the stem. 
In the center of the depression lies the 
meristem of the stem apex (fig. 5), and 
the leaf primordia are distributed spirally 
about this meristematic region. On the 
sides of the depression and also spirally 
arranged are the leaves in different 
stages of differentiation, the youngest 
nearest the center, the oldest toward the 
periphery. An older, differentiated leaf 
has an intercalary meristematic region 
above -the ligule. The cells of the upper 
portions of this meristem mature into the 
green photosynthetic leaf cells; a few 
cells in the lower portion mature into 
colorless starch-storage cells. 

Within each“ resting” cell of the inter- 
calary meristem is a single plastid. This 
is an irregular, somewhat cup-shaped 
structure whose concave surface is ap- 
pressed to the nucleus (fig. 10). The as- 
sociation between plastid and nucleus is 
so intimate that the plastid often fits into 
a depression on the surface of the inter- 
phase nucleus. In some cells at the meta- 
bolic phase, it may be observed that the 
plastid has elongated and that a constric- 
tion has appeared at its center (figs. 11, 
17). The direction of elongation of the 
plastid is not always parallel to the longi- 
tudinal axis of the cell; it may be at right 
angles or diagonal to this axis. The elon- 
gating plastid in time divides to form two 
daughter plastids each of which moves 














Fics. 17-26.—Figs. 17-20, 22, 24-26, I. macrospora (camera lucida). X 1200. Figs. 21, 23, J. muricata vat. 
braunii (camera lucida). X 1200. Figs. 17-19, cells from maturation region of leaf above intercalary meristem. 
Fig. 20, older cell of leaf showing position of five plastids. Fig. 21, portion of cell from maturation region be- 
low intercalary meristem of leaf. Fig. 22, single leucoplast from nonphotosynthetic cell of mature leaf base. 
Fig. 23, epidermal cell of mature. leaf. Fig. 24, apical cell of leaf primordium. Fig. 25, terminal cell of young 
ligule. Fig. 26, basal cell of young ligule. 
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Fics. 27-37.—Figs. 27-34, 37, I. muricata vac. braunii (camera lucida). Figs. 35, 36, J. macrospora (cam- 
era lucida). X 1200. Figs. 27, 28, cells from base of mature ligule. X 1200. Fig. 29, cell from immature velum. 
X1200. Fig. 30, cell from potential sporogenous tissue. X 1670. Fig. 31, tapetal cell from microsporangium. 
X1670. Fig. 32, cell of microsporangium wall. 1200. Fig. 33, cell from trabecula of microsporangium. 
X1200. Fig. 34, “‘resting”’ cell in rhizophore meristem. X 1200. Fig. 35, stage of nuclear and plastid division 
in cell of rhizophore meristem. Fig. 36, ‘‘resting” cell of root meristem. Fig. 37, large ‘‘resting” cell of stem 
apex meristem. 1200. 
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Fics. 38-47.—Fig. 38, ‘‘resting” cell of stem apex meristem about 30 » back from meristem surface. J. mu- 
ricata var. braunii (camera lucida). X 1200. Figs. 39-47, I. macrospora (camera lucida). X 1200. Figs. 39-44, 


stages of nuclear, cell, and plastid division in cells of root meristem. Figs. 45, 46, cells of maturation region of 
288 


root. Fig. 47, cell of anomalous cambium showing early stages of division of nucleus and plastid. 
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along the surface of the nucleus until 
they lie on opposite sides of the nucleus 
(fig. 12). By this time the nucleus has 
entered the prophase. While the daughter 
plastids are lying at opposite sides of the 
prophase nucleus, they elongate until 
each is nearly twice as long as the original 
mother plastid. What the daughter plas- 
tids gain in length they may lose in 
width. 

The daughter plastids then move away 
from the membrane of the prophase nu- 
cleus toward opposite poles of the cell, 
either in a direction along the longitudi- 
nal axis of the cell or, in many instances, 
obliquely or at right angles to this axis. 
As they move away from the nucleus, the 
space left between the inner surface of 
each daughter plastid and the nuclear 
membrane is occupied by spindle fibers 
(fig. 13). At this point the nucleus is in 
late prophase. After the nuclear mem- 
brane disappears, spindle fibers are seen 
to connect the inner surface of the 
daughter plastids. The spindle poles are 
extremely broad at this stage, occupying 
the full extent of the inner surface of each 
daughter plastid (fig. 13). 

It is evident that the polar positions 
assumed by the daughter plastids within 
the cell are in accord with the orientation 
of the achromatic figure. If the plastids 
lie at the poles of the longitudinal axis of 
the cell, the spindle will lie on, or parallel 
to, this axis. If the daughter plastids 
occupy other positions, the achromatic 
figure will be oblique or at right angles to 
the longitudinal axis. 

While the chromosomes are in the 
equatorial plate, the plastids at the 
spindle poles shorten, and their margins 
bend toward the equator of the cell; the 
plastids now appear in sectional view as 
thick crescent-shaped structures (fig. 14). 
The cumulative effect of the shortening 
and crenation of the plastids is that the 
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spindle fibers which are attached to the 
inner surfaces are crowded together; the 
achromatic figure now appears pointed 
at each pole (fig. 14). 

During late anaphase and early telo- 
phase the plastids lose something of their 
curvature, becoming flatter; the spindle 
poles are now less sharply pointed and 
less distinct than at earlier stages (fig. 
15). The straightening of the daughter 
plastids causes them to assume dimen- 
sions approaching those which earlier 
characterized the mother plastid. Each 
daughter plastid becomes appressed to 
the new daughter nucleus formed at the 
pole of the cell occupied by the plastid 
(fig. 16). 

Cell division is initiated at telophase 
by the formation of a cell plate at the 
equator of the spindle (figs. 15, 16). At 
the completion of cell division, each 
daughter cell contains a nucleus with a 
plastid appressed to it. 

The division of a single plastid to form 
two daughter plastids, followed by nu- 
clear division, spindle formation, cell di- 
vision, and, finally, the organization of 
two daughter cells, each containing a 
single plastid, may be repeated for many 
cell generations within the intercalary 
leaf meristem. In the area of transition 
above the intercalary meristem, where 
cells are maturing, there are many cells 
which contain from one to six plastids 
each (figs. 19, 21). Many of these plastids 
show no contact with the nucleus, yet 
they continue to divide, forming more 
daughter plastids. Close observation of 
those cells containing one plastid reveals 
that the division of the plastid occurs as 
described for the meristematic cells but 
that, as the daughter plastids move away 
from the nuclear membrane, there is no 
indication of the onset of nuclear division 
(fig. 18). From this point on in the devel- 














Fics. 48-56.—J. macrospora (camera lucida). & 1200. Fig. 48, cambial cell at metaphase showing pointed 
spindle. Fig. 49, “resting” cell of secondary parenchyma. Figs. 50-56, stages of nuclear, cell, and plastid divi- 
sion in cells of secondary parenchyma. 
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opment of the leaf cell any association 
between nucleus and plastid is random. 

As the leaf cells mature, they are 
pushed upward and become exposed to 
the light. Their plastids become the pho- 





the chloroplast is less variable than that 
of the plastid of a meristematic cell, the 
method of division by constriction is 
common to both. First the chloroplast 
grows in length, then a constriction ap- 





Fics. 57-50.—I. macrospora (camera lucida). X 1200. Fig. 57, maturing cel) of secondary parenchyma. 
Fig. 58, mature cell of secondary parenchyma. Fig. 59, tripolar spindle in cell of anomalous cambium. 


tosynthetic chloroplasts of the mature 
cells. The older the cell, the greater is the 
number of chloroplasts, so that in the 
older photosynthetic leaf cells of Isoetes 
muricata var. braunii there may be as 
many as twenty-nine chloroplasts per 
cell. Many stages in the division of the 
chloroplasts have been observed in living 
cells (figs. 6, g). Although the shape of 


pears near its center. The constriction in- 
creases, leaving a narrow isthmus and 
resulting in a dumbbell shape (fig. 6). 
Often before the constriction is complete 
the dividing plastid may continue to 
elongate, and a new constriction appears 
(fig. g). Elongation of the chloroplast 
prior to division is apparently accom- 
panied by an increase in the number of 
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grana and connecting threads, both of 
which are approximately equally divided 
among the daughter plastids. 

Relatively few cells from the lower 
portion of the intercalary meristem un- 
dergo maturation. The few that mature 
do not become photosynthetic but re- 
main colorless because they are covered 
by the substrate in which the plant 
grows. Their plastids behave somewhat 
differently from those of the cells des- 
tined to become photosynthetic. Fre- 
quently the single plastid observed in 
each cell of the intercalary meristem 
does not divide again as the cell ma- 
tures, so that only one plastid is present 
in the mature cell. Sometimes two to four 
plastids occur in mature cells, indicating 
that the mother plastid of the meri- 
stematic cell has divided. Each of these 
plastids becomes filled with starch and 
has the characteristic appearance of a 
leucoplast (fig. 22). 

The “resting” apical cell present in the 
early development of the leaf possesses a 
single plastid (fig. 24). This plastid is not 
so well defined or so large as the plastids 
in the ‘‘resting”’ cells of the intercalary 
meristem of the leaf, but its relation to 
the nucleus is similar. It divides to form 
two daughter plastids each of which oc- 
cupies one pole of the cell, later becoming 
the plastid of a daughter cell. This same 
behavior is repeated in the cells of the 
older leaf primordia. 

The ligule (fig. 5) differentiates at a 
relatively early stage in the development 
of the leaf and in turn becomes differenti- 
ated into a basal portion imbedded in the 
tissues of the young leaf and a triangular 
bladelike portion which at maturity is 
one to three cells in thickness. The basal 
cell of the young ligule contains a well- 
defined plastid appressed to the inter- 
phase nucleus (fig. 26); the terminal cell 
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of the blade likewise possesses a single, 
irregularly shaped plastid (fig. 25). 

There is generally only one plastid in 
each cell of the mature ligule. Figures 27 
and 28 show cells from its basal portion 
with one leucoplast per cell. The cells of 
the blade produce large quantities of 
mucilaginous material which escapes 
from these cells, but they never possess 
starch-containing plastids. It is possible 
that the single plastid present in each 
meristematic ligule cell may play a part 
in the formation of the mucilaginous ma- 
terial as these cells mature. 

A ligule sheath surrounds that portion 
of the ligule which is imbedded in the 
tissues of the leaf. This sheath is one cell 
in thickness; the radial walls of these 
cells have thickenings comparable with 
the Casparian strips found in an endo- 
dermis. The nuclei of the sheath cells are 
small and dark-staining as compared 
with the nuclei of other leaf cells. There 
is little or no cytoplasm visible, nor is 
there any indication of a plastid. It is 
suggested that the cells of the ligule 
sheath are dead at maturity. 

Any leaf of the plant may be a sporo- 
phyll, bearing either a micro- or a mega- 
sporangium (fig. 5). The potential sporog- 
enous tissue is differentiated from the 
other leaf cells early in the development 
of the leaf. The amount of such tissue in- 
creases rapidly by frequent mitotic divi- 
sions. Each “‘resting”’ cell of this tissue, 
like the “resting” cells of other meri- 
stematic regions of the leaf, has a single 
small plastid appressed to the nucleus 
(fig. 30). At the time of division the be- 
havior of this plastid is similar to that of 
the plastids described in the other meri- 
stematic tissues. 

The potential sporogenous cells dif- 
ferentiate into the tissues of a micro- or 
megasporangium. These tissues include 
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the sporangium wall, the trabeculae, the 
tapetum, and the sporocytes. Each cell of 
the sporangium wall and those of the 
trabeculae has a single large leucoplast 
associated with the nucleus (figs. 32, 33). 
Each tapetal cell may also contain a 
single plastid appressed to the nucleus 
fig. 31), but it is small and difficult to 
distinguish. 

A delicate membrane—the velum 
covers half to two-thirds of the exposed 
surface of the sporangium (fig. 5). Here 
again a leucoplast is associated with the 
nucleus of each cell. A division figure 
found in a comparatively young velum 
shows a leucoplast at each pole (fig. 29), 
indicating that the plastid goes through 
the same sequence as has been described 
for the plastids in other meristematic 
regions. 

MERISTEM OF STEM APEX.—The apical 
growing-point of the stem lies in the cen- 
ter of the cup-shaped depression on the 
upper surface of the “‘corm”’ (fig. 5). It is 
characterized by a mound of relatively 
large meristematic cells, the nuclei of 
which are larger than those of other cells. 
Each cell of the stem apex meristem has a 
plastid lying next to the nucleus (fig. 37); 
the plastid is similar in appearance to the 
plastids described in other meristematic 
“resting” cells. Within the cells of the 
apical meristem which lie about 30 u 
back of the meristematic hump there are 
plastids, one per cell, which contain 
many small starch grains (fig. 38). 

RHIZOPHORE MERISTEM.—This _ lies 
parallel to and above the furrow formed 
by the line of union of the two lateral 
lobes of the “‘corm’”’ (fig. 5). Like the 
cells of the meristem of the stem apex, 
the cells of the rhizophore meristem sel- 
dom divide. Associated with each inter- 
phase nucleus is a single plastid contain- 
ing several minute starch grains (fig. 34). 
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Dividing cells of the rhizophore meristem 
frequently have large numbers of rela- 
tively large starch grains in the single 
plastid. The presence of the starch grains 
within the plastid may hinder its division 
to a certain extent. In one division figure 
the chromosomes were at metaphase, and 
the daughter plastids occupied the re- 
spective poles. Each daughter plastid 
contained many starch grains and had 
long extensions toward the equator (fig. 
35). The latter were taken as an indica- 
tion that the division of the mother 
plastid had just been completed. This is 
in contrast to the condition in other mer- 
istematic tissues, in which plastid divi- 
sion is completed while the nucleus is still 
in early prophase. 

Root.—The root primordium origi- 
nates from an apical cel) located in the 
rhizophore meristem (fig. 5). As in the 
leaf, the apical cell soon gives way to a 
group of meristematic cells which in turn 
undergo rapid division to form the meri- 
stematic region of the root. The pri- 
mordium pushes downward and to the 
outside of the ‘“‘corm”’ through the inter- 
vening parenchyma (fig. 5). 

The sequence of events concerned in 
the division of the plastid in a meri- 
stematic cell of the root tip (figs. 39-44) 
is similar to that previously described in 
the meristematic cells of the leaf, in the 
meristem of the stem apex, and in the 
rhizophore meristem. 

The elongation and constriction of the 
plastid is often accompanied by a change 
in shape of the “resting”? nucleus. The 
side of the nucleus next to the elongating 
plastid is no longer rounded but has two 
flattened surfaces forming a_ rooflike 
angle (fig. 36). The region of constriction 
of the plastid lies opposite the peak of the 
nucleus. This type of nuclear and plastid 
configuration is frequently observed in 
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other meristematic tissues of the sporo- 
phyte (fig. 11). 

Figure 40 illustrates the accumulation 
of granular material lying between the 
nuclear membrane and the inner face of 
the daughter plastids which is destined 
to become the achromatic figure. 

Cells which are beginning to mature 
just back of the meristematic region of 
the root have one or two large starch- 
containing plastids. Each starch grain 
has a single refractive, red-staining hilum 
(figs. 45, 46). Many stages in the division 
of the plastids may be seen in the cells of 
the maturation region of the root. The 
division of the plastid in a cell in this re- 
gion does not initiate a division of the 
nucleus, nor do the daughter plastids 
formed occupy the polar regions of the 
cell (figs. 45, 46). Instead, the daughter 
plastids are variously located in the cell. 
In the mature root the parenchymatous 
cells of the outer and inner cortex contain 
one to four starch-filled plastids which 
resemble the leucoplasts of mature non- 
photosynthetic leaf cells (fig. 22). 

ANOMALOUS CAMBIUM.—The anoma- 
lous cambium is peculiar to the stem of 
Tsoetes; none of the other living Ly- 
copsida has this characteristic tissue. It 
is a ring of flattened meristematic cells 
surrounding the protostele (fig. 5) and 
extends from a point just below the 
youngest leaf traces of the stem to the 
edge of the meristematic region of the 
rhizophore. The cambium forms the cells 
of the prismatic layer to the inside and 
the cells of the secondary cortex to the 
outside (fig. 5). 

The cells of the prismatic layer are ar- 
ranged in radial rows. The nature of 
these cells has not been determined with 
certainty. They are apparently devoid of 
cytoplasm at maturity, and therefore of 
plastids, but contain a small dark-stain- 
ing nuclear remnant. 
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The lateral extension of the two lobes 
of the ‘‘corm”’ is dependent upon the for- 
mation of the cells of the secondary 
parenchyma by the cambium and the 
subsequent divisions of the first-formed 
cells of the secondary parenchyma. 

Each of the ‘“‘resting”’ cambial initials 
has a small, poorly differentiated plastid, 
which is difficult to distinguish because 
the nucleus is large in proportion to the 
size of the cell. In consequence the plastid 
is frequently pressed between the nucleus 
and the cell wall. The presence of the 
plastid becomes obvious when it divides. 
Division follows the same sequence as de- 
scribed for the division of plastids in the 
other meristematic tissues of the sporo- 
phyte. Figure 47 shows the two daughter 
plastids of a cambial initial at opposite 
sides of a prophase nucleus. The margins 
of one of the daughter plastids seen in 
figure 48 are folded toward the equatorial 
region to such an extent as to envelop a 
portion of the pointed spindle. 

Cells formed to the outside by divi- 
sions of the cambial initials retain their 
capacity for nuclear and cell division. 
The single plastid within each meri- 
stematic “resting”’ cell of this outer re- 
gion is, as already described for other 
meristematic regions, appressed to one 
side of the nucleus (fig. 49). The plastids 
of these cells differ from those of the 
cambial initials in that they are better 
defined and frequently contain a number 
of large starch grains. 

The sequence of plastid division as 
related to the sequence of nuclear divi- 
sion in the meristematic cells to the out- 
side of the cambium differs from that 
described for other tissues. The plastid 
elongates until its two lobes lie at oppo- 
site sides of the nucleus (fig. 50). The di- 
vision of the mother plastid into two 
daughter plastids is delayed, and a con- 
necting isthmus between the two daugh- 
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ter plastids may be present during all the 
prophase stages (figs. 50-52). This delay 
in separation may be due to the large size 
of the plastid, which in turn is deter- 
mined by the number of included starch 
grains (fig. 51). 

At the metaphase the daughter plas- 
tids occupy their normal position at the 
respective poles of the cell. The spindle is 
not pointed at this stage as in cases pre- 
viously described. Instead, the spindle 
poles are still relatively broad. This may 
be accounted for by the presence of large 
starch grains within the daughter plas- 
tids which inhib*t the shortening and 
bending of the plastid and thus the for- 
mation of the pointed spindle (fig. 53). 

During late anaphases the daughter 
chromosomes become appressed to the 
daughter plastids (fig. 55). At this stage 
there may be an abundance of starch 
grains in each daughter plastid. Although 
the presence of such large amounts of 
starch may delay the completion of the 
division of the plastid, it does not pre- 
vent the plastid halves from assuming 
polar positions (figs. 51, 53, 54). 

With the completion of cell division 
the new plastid becomes appressed to the 
side of the nucleus away from the newly 
formed cell wall. The kidney shape of the 
nucleus resulting from the close associa- 
tion between nucleus and plastid com- 
monly occurs in new daughter cells (fig. 
50). 

The behavior of plastids in maturing 
cells of the secondary parenchyma is 
reminiscent of their behavior in cells un- 
dergoing maturation in other tissues of 
the sporophyte. The maturing cells of the 
secondary parenchyma lie to the outside 
of the cambium and of the layer of meri- 
stematic cells it produces. The plastid in 
contact with the nucleus of a maturing 
cell divides, and its progeny in turn may 
undergo several divisions (fig. 57). The 
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division of the plastid does not initiate 
nuclear division, nor do the daughter 
plastids show any tendency to occupy 
polar positions within the cell. In the 
older cells toward the periphery of the 
secondary parenchyma the starch grains 
already present within the plastids en- 
large rapidly, so that the plastids con- 
taining them fill a major portion of the 
cell. As the starch grains enlarge, the 
plastid membranes disappear. In a ma- 
ture storage cell of the secondary paren- 
chyma there may be thirteen to twenty 
nonlaminated starch grains (fig. 58). 


FUNCTION OF PLASTIDS 


The most apparent function of the 
leucoplast in the mature cells of the 
sporophyte is the storage of starch. 
Starch is first visible as a thin violet- 
staining layer enveloping some of the 
grana in the plastid (figs. 28, 32-34). The 
grana represent centers about which the 
accumulation of starch occurs, and, as 
the starch grains increase in size, the po- 
sition occupied by each of the grana be- 
comes the position of the refractive hilum 
of the mature starch grain. 

Starch is not formed about all the 
grana of the leucoplast. Those that have 
no starch associated with them are usu- 
ally located at the periphery of the plas- 
tid. As the spindle is formed between the 
inner surfaces of the daughter plastids 
and the nuclear membrane, the spindle 
fibers become localized in groups lying 
adjacent to the peripheral grana of the 
lower surface of the plastid (figs. 13, 14, 
53, 59). By late anaphase the fibers as- 
sociated with the inner surfaces of the 
daughter plastids have disappeared, giv- 
ing way to dark-staining granular areas 
(figs. 15, 43). 

Whether the grana function in the for- 
mation of the spindle fibers was not de- 
termined; it is clear, however, that spindle 
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formation is dependent upon the pres- 
ence of the plastids. In every meri- 
stematic cell observed whose nucleus was 
at late prophase, the newly formed 
spindle terminated at the inner surface 
of the daughter plastids (figs. 13, 40, 41, 
52). The importance of the plastid in 
spindle formation is emphasized by the 
anomalous behavior of the plastids in 
some dividing cells. One cambial initial 
whose nucleus was in a prophase con- 
tained three instead of the usual two 
daughter plastids (fig. 59), and the 
spindle formed was tripolar, each pole 
being located on the inner surface of one 
of the three plastids. 

The chloroplasts also, like the leuco- 
plasts, function in starch formation. The 
starch formed by the chloroplast is 
stored temporarily zm situ. The presence 
of starch in the chloroplasts may be dem- 
onstrated by flooding free-hand sections 
of leaves with Graham’s iodine. The 
starch is shown to have been deposited 
about some of the grana in the chloro- 
plast. 

The distribution of the photosynthetic 
pigments of the chloroplast was not de- 
termined with certainty. YUASA (27) 
suggested that the chlorophyll in the 
chloroplast of Selaginella is associated 
with the network of grana and connect- 
ing threads. This network in the chloro- 
plast of J. muricata var. braunti is 
opaque, and it is therefore impossible to 
determine whether Ywuasa’s statement 
holds for this species. 


Discussion 


STRUCTURE OF CHLOROPLAST.—The 
structure of the chloroplast of J. muricata 
var. braunii, as studied in vivo and in 
killed and stained preparations, is a com- 
bination of the structure described by 


Meyer (17) for the chloroplast of 
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Acanthophippium and by YuASA (26, 27) 
for that of Selaginella. MEYER observed a 
peripheral distribution of linearly ar- 
ranged, disk-shaped grana. YUASA fig- 
ured connecting fibers between spindle- 
shaped grana which lie well within the 
stroma of the chloroplast away from its 
periphery. The chloroplast of Z. muricata 
var. braunii has spindle-shaped grana 
linearly arranged. Between them are con- 
necting threads forming a network with- 
in the chloroplast. This network is 
distributed throughout the body of the 
plastid—neither entirely peripheral as 
seen by MEYER in Acanthophippium nor 
entirely internal as described by Yuasa. 

MCALLISTER (14, 15) and Ma (10, 11) 
have considered the red-staining spindle- 
shaped grana of the chloroplasts of 
Anthoceros, Isoetes, and Selaginella as 
pyrenoids, comparable with those of the 
green algae. They described the “‘pyre- 
noids” as having a length of from 0.5 to 
2.0 uw. The average length of the spindle- 
shaped grana in the chloroplasts of J. 
muricata var. braunii is 0.85 u—well 
within the size range of the ‘‘pyrenoids” 
as described by McALLISTER and Ma. 
On the basis of size and shape their 
“pyrenoids” thus seem to be the same 
structures described as grana in the 
chloroplasts of J. muricata var. braunii. 
Further supporting evidence is YuAsA’s 
(27) description of the spindle-shaped 
grana of Selaginella as having a length of 
from 0.5 uw to 2 mu. 

DuNLopP (4) also observed red-staining 
granules in the chloroplasts of Selaginella, 
but his preparations gave no indication 
that these granules functioned in the for- 
mation of starch. The red-staining gran- 
ules which the writer has observed in the 
chloroplasts of J. macrospora and I. muri- 
cata var. braunii are highly refractive, 
and each is surrounded by a layer of 
violet-staining starch. It would seem 
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that they represent the hila of the young 
starch grains. 

STRUCTURE OF LEUCOPLASTS.—There 
are very few accounts of plastid structure 
in the meristematic cells of plants be- 
longing to the Lycopsida. MARQUETTE 
(13) mentioned the presence of delicate 
fibers extending between the starch 
grains and the periphery of the plastid. 
DUNLOP (4) reported red-staining gran- 
ules in the plastids of the root tip cells of 
Lycopodium. 

The internal structure of the leuco- 
plasts of meristematic sporophytic cells 
of J. macrospora and I. muricata var. 
braunit, like that of chloroplasts, includes 
grana and connecting fibers forming a 
network through the body of the leuco- 
plast. The network and stroma of the 
leucoplast obviously lack photosynthetic 
pigments; however, starch accumulates 
about the grana of the leucoplast as 
about those of the chloroplast. The 
starch stored by the leucoplast accumu- 
lates until large quantities of storage 
starch are present. This is in contrast to 
the temporary storage of starch by the 
chloroplast. 

Starch formation in the plastids of 
spermatophytes and many pteridophytes 
is accomplished by the accumulation of 
starch either at the center or at the pe- 
tiphery of the plastid. This method of 
starch formation is essentially similar to 
the accumulation of starch around the 
grana in the plastids of Jsoetes. It does 
not involve the transformation of the 
starch-forming body of the plastid into 
starch, as TIMBERLAKE (22), McALLIs- 
TER (14, 15), and Ma (10, 11, 12) have 
described for the pyrenoids of some green 
algae, bryophytes, and pteridophytes. 

POLAR BEHAVIOR OF PLASTIDS.—Mar- 
QUETTE (13) was first to recognize the 
significance of the polar organization of 
cells as manifested by plastids. In 1928 
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Ma confirmed MARQUETTE’s observa- 
tions when she described plastid polarity 
in the cells of the intercalary meristem 
of I. melanopoda. The most recent report 
of plastid polarity in Jsoetes was by 
Dun Lop (4), who described the polar or- 
ganization of the meristematic root tip 
cells of J. muricata var. braunii. 

The only meristematic cells of /soetes 
in which plastid polarity has previously 
been described are those of the root and 
leaf. The results of the present study in- 
dicate that all the meristematic cells of 
the mature sporophytes of J. macrospora 
and /. muricata var. braunii may exhibit 
plastid polarity. 

It has been argued that plastid polar- 
ity may be without significance because 
the plastid of a maturing cell may divide, 
and the daughter plastids thus formed do 
not exhibit polarity. This argument does 
not take into consideration that the ma- 
turing cells which contain several plastids 
are in a more advanced stage of develop- 
ment. It is to be remembered that in 
many plants a uninucleate cell may by a 
series of divisions become multinucleate. 
This occurs only at a certain stage in the 
development of the cell or of the tissue of 
which the cell is a component. 

ATKINSON (2) was of the opinion that 
plastid polarity as exhibited by the meri- 
stematic cells of the sporophyte of 
Tsoetes may not indicate a polarity of the 
cell. She suggested that the polar posi- 
tions assumed by the daughter plastids 
are a consequence of the large area occu- 
pied by the achromatic figure which 
makes it impossible for the daughter 
plastids to go elsewhere in the cell. The 
regularity that marks the sequence of 
plastid polarity seems to oppose this ar- 
gument. In addition, large dividing meri- 
stematic cells with small spindle areas 
have been observed. Although there is 
ample opportunity in such cells for a ran- 
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dom location of the daughter plastids, 
these are nevertheless always at the poles 
of the spindle. Further evidence of the 
importance of cell polarity as evidenced 
by the plastids is in the formation of the 
spindle. In all division figures observed 
there is an intimate association between 
the spindle poles and the inner surfaces 
of the plastids. 

Just as in the cases of centrosomes and 
blepharoplasts, the division of the single 
plastid in each meristematic cell of the 
Tsoetes sporophyte precedes and seems to 
initiate the division of the nucleus, and 
the daughter plastids function in spindle 
formation. That the plastids are variable 
in form and function is borne out by their 
behavior in the cells of the mature sporo- 
phyte of Jsoetes. Prior to division, the 
mother plastid of a meristematic cell be- 
comes greatly elongated, so that each of 
the daughter plastids formed are nearly 
twice as long as the mother plastid of a 
cell in the metabolic phase. At the poles 
of the spindle each daughter plastid 
shortens and becomes crescent-shaped 
and in this way forms the pointed spindle 
so frequently observed. Finally, as the 
cell plate of the dividing cell is formed, 
the two daughter plastids assume the 
shape, size, and position of the original 
mother plastid. 

A “resting”’ meristematic cell in each 
species studied normally contains only 
one plastid. One of two things may hap- 
pen to the single plastid as the cell ma- 
tures. If the maturing cell is destined to 
be a tracheid or some other nonliving ele- 
ment, the plastid disappears along with 
the rest of the living protoplast. If the 
mature cell remains alive, the single plas- 
tid may become filled with numerous 
starch grains, or it and its descendants 
may undergo several divisions, forming a 
variable number of plastids within the 
undivided cell. The daughter plastids 
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thus formed will become either starch- 
filled leucoplasts of storage cells or 
chloroplasts of leaf cells. The division of 
the single plastid in such cases does not 
initiate nuclear division, nor do the 
daughter plastids formed show any ten- 
dency to occupy the poles of the cell. The 
plastids of such a maturing cell lose their 
intimate association with the nucleus and 
lie at random within the cell. 

All the plastids in the cells of the ma- 
ture sporophyte have been derived from 
fully formed pre-existing plastids and, 
here at least, is a structure of the cell 
which in its individuality resembles the 
nucleus. The question remains open 
whether this individuality is maintained 
not only from cell generation to cell gen- 
eration through the life-history of the 
sporophyte but also through sporogene- 
sis, the development of the gameophyte, 
and gametogenesis. Studies are already 
under way in an effort to provide the 
answers to these problems. 


Summary 


1. The visible structure of the chloro- 
plasts of /soetes is unaltered by the action 
of various killing agents. 

2. The structure of chloroplast and 
leucoplast includes a network of grana 
and connecting fibers. The network is 
distributed through the stroma of the 
plastid. 

3. The red-staining granules observed 
in the plastids of Jsoetes are refractive 
hila of young starch grains. 

4. The grana are the centers about 
which starch is deposited within the 
plastids. 

5. There is only one plastid in each 
“resting” meristematic cell of the sporo- 
phyte. 

6. Division of the mother plastid with- 
in such a meristematic cell begins while 
the nucleus is still in the metabolic phase. 
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The division of the plastid may initiate 
nuclear division. 

7. The two daughter plastids thus 
formed function in the formation of the 
achromatic figure. The fibers of the 
achromatic figure terminate at the inner 
surface of each daughter plastid and ap- 
pear to be attached to that surface. 

8. The transition from the broad 
spindle poles at prophase to the pointed 
spindle poles at metaphase is brought 
about by a shortening and bending of the 
plastids at the spindle poles. 

9. Plastids of meristematic cells are 
variable in form and function. In divid- 
ing cells the division of the plastid fol- 
lows a definite sequence of changes in 
size, shape, and position until cell divi- 
sion is complete. 

10. In maturing cells the plastid and 
its progeny may divide several times 
without indication of plastid polarity. 
The daughter plastids thus formed may 
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metamorphose into the chloroplasts of 
the mature photosynthetic cell or the 
starch-containing leucoplasts of storage 
tissues. 

tr. Plastid polarity has been observed 
in all the meristematic regions of the 
sporophytes of J. macrospora and I. 
muricata var. braunii. 

12. Plastids found in the cells of the 
mature sporophyte are derived from pre- 
existing, fully formed plastids. The indi- 
viduality of the plastid in these cells is at 
the same level as the individuality of the 
nucleus. 


I wish to express my sincere apprecia- 
tion to Professor C. E. ALLEN of the 
University of Wisconsin for the many 
helpful suggestions given in the course of 
this investigation. 
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SOME USES OF ACTIVATED CARBON IN CONTRATOXI- 
FICATION! OF PLANT GROWTH-REGULATORS 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 602 


ROBERT J. WEAVER 


The value of activated carbon and 
other contratoxicants to eliminate par- 
tially or completely the toxic effects of 
plant growth-regulators on plants was 
recently demonstrated by the author in 
greenhouse trials at the University of 
Chicago (2). One purpose of the experi- 
ments reported in this paper was to re- 
peat some of these tests in the field. 

Herbicidal sprays of plant growth- 
regulators applied after planting but be- 
fore emergence of seedling crops (pre- 
emergence spraying) are often impracti- 
cal because the compounds often injure 
the seedlings. These applications are 
usually very injurious to germinating 
dicotyledonous plants and may also dam- 
age some varieties of monocotyledons. 
One objective of the experiments here 
reported was to devise methods by which 
germinating seeds could be protected 
from pre-emergence applications of plant 
growth-regulators. 


« “Contratoxification” refers to the application of 
absorbents, adsorbents, or iqn exchangers to soils or 
parts of plants in order to accomplish partial or com- 
plete elimination of the toxic effects of plant growth- 
regulators on plants. 


Contratoxification in soil 


A fertile garden soil was used at the 
University of Chicago. The field plots 
were 4 X 4 feet with 1-foot border rows. 
Plant growth-regulators were obtained 
from commercial sources. About 1 liter 
of an aqueous solution containing 1.67 
gm. of one of the growth-regulators was 
uniformly applied with a 3-gallon spray- 
er to a plot, a rate equivalent to an ap- 
plication of 10 lb./acre. These experi- 
ments were performed from May to 
September, 1948. 


CONTRATOXIFICATION OF ENTIRE AREA 
TREATED WITH GROWTH-REGULATOR 


The purpose was to determine the 
quantity of Norit A required to contra- 
toxify ammonium 2,4-dichlorophenoxy- 
acetate [NH,(2,4-D)] in a garden soil. 
On May 25 five plots were laid out, and 
four were treated with NH,(2,4-D) at a 
rate of 10 lb./acre. All plots were then 
watered, and the following day they 
were raked to a depth of about 3 inches 
so that all large clods were broken up. 
Next, 333, 83, 16.7, or o gm. of Norit A 
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in dust form were uniformly added to 
separate plots previously treated with 
NH,(2,4-D). These applications were 
equivalent to rates of about 2000, 500, 
100, or o lb./acre. The contratoxicant 
was mixed with the upper 3 inches of soil 
by raking, and then the plots were 
watered. On May 27 forty seeds of Red 
Kidney bean, twenty of Illini soybeans, 
and twenty of Alaska peas were uniformly 
planted in each plot. 

On June g emergence counts were 
made, and on July 15, 49 days after 


beans 5 inches tall in the plot which 
received NH,(2,4-D) only. Thus an 
amount between 100 and 500 lb. of Norit 
A per acre would be required for com- 
plete contratoxification of the growth- 
regulator under conditions of this experi- 
ment. 


CONTRATOXIFICATION OF GROWTH- 
REGULATOR ABOVE SEEDS 
The purpose was to determine if a cone 
of contratoxicant above the seeds would 
protect germinating seeds from applica- 


TABLE 1 


EMERGENCE COUNTS AND FRESH WEIGHT (GM.) 


OF RED KIDNEY BEAN, SOYBEAN, AND PEA FROM 


SOIL PREVIOUSLY TREATED WITH NH,(2,4-D) AT RATE EQUIVALENT TO 10 LB./ ACRE 


NORIT A ADDED TO SOIL 1 DAY BEFORE PLANTING 











BEAN SoyBEAN PEA 
AMOUNT OF 
me Norit A j j somiamenien ee 
TREATMENT as | | | 
; No. Weight No. Weight No. Weight 
(LB./ ACRE) | 
emerged |} oftops |} emerged of tops emerged of tops 
Control. . ° 30 518 | 15 81 20 28 
2000 29 387 13 58 20 32 
Norit A and 500 31 543 13 77 18 29 
NH (2,4-D) 100 21 285 ° 15 ° ° 
° ° 38 ° 2 ° ° 


planting, fresh weights of tops were ob- 
tained (table 1, fig. 1). Norit A was very 
effective in eliminating the toxic effects 
of the growth-regulator in the soil. 
Plants in plots previously treated with 
NH,(2,4-D) to which 2000 or 500 Ib. of 
Norit A per acre had subsequently been 
added made normal growth. In these 
plots and in the untreated control plot 
the average heights of Red Kidney bean, 
soybean, and peas at time of harvest 
were 15, 18, and 12 inches, respectively, 
and the peas had produced pods. Kidney 
beans and soybeans were only 10 inches 
tall in the plot previously treated with 
NH,(2,4-D) to which 100 lb. of Norit A 
per acre were also added. There were 
only a few stunted kidney beans and soy- 


tions of a growth-regulator to the soil 
surface and also to ascertain whether 
protection is obtained if a row of seeds is 
covered with contratoxicant. On May 26 
four plots were staked out, and in half of 
each plot two furrows 23 inches wide, 
3 inches deep, and 4 feet long were dug. 
In the remaining portion of each plot 
holes 23 inches deep, 2 inches in diameter 
at the soil surface, and 6 inches apart 
were made with a dibble. The holes were 
funnel-shaped, with the widest portion at 
the soil surface. Red Kidney beans, 
Spancross sweet corn, or Alaska peas 
were uniformly planted in the furrows 
and holes. Two seeds of each species were 
planted separately in each of six holes, 
and twelve of each type were planted in 
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the furrows. The seeds were covered with 
ordinary soil in two plots, and in the 
other two they were covered with con- 
tratoxicant, a mixture of ten parts soil 
to one part Norit A on a dry-weight 
basis. NH,(2,4-D) was then applied to 
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an average foliage height of 13 and 15 
inches, respectively. Beans and peas in 
plots to which contratoxicant was added 
above the seeds grew normally whether 
or not NH,(2,4-D) was subsequently 
added, but plants from seeds in plots 


Fic. 1.—Growth of kidney beans, soybeans, and peas in soil treated with NH,(2,4-D) at a rate equiva- 
lent to 10 Ib./acre. Norit A added to soil 1 day before planting. A, untreated control; B, NH,(2,4-D)—then 
500 Ib./acre of Norit A; C, NH,(2,4-D)—then 100 lb./acre of Norit A; D, NH,(2,4-D) only. Note that 
100 Ib. /acre of Norit A resulted in partial and 500 Ib. /acre in complete contratoxification of growth-regulator. 


one plot with and one without contra- 
toxicant, after which all plots were 
watered. 

Emergence counts on June 9, 14 days 
after planting, and fresh weights of tops 
on July 15 showed that the contratoxi- 
cant above the seeds gave excellent pro- 
tection against NH,(2,4-D) (table 2, 
fig. 2). At harvest time kidney beans and 
peas in the untreated control plot had 


unprotected by contratoxicant and treat- 
ed with growth-regulator were much 
stunted. Although Spancross sweet corn 
was retarded in growth during its early 
development in plots treated with 
growth-regulator only, it was as large as 
the untreated control plants by harvest 
time. 

In a second experiment holes 25 inches 
deep and 2 inches in diameter at the soil 
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5 surface were made with a dibble. The and in two other plots the seeds were 
n holes were about 6 inches apart. On June covered with ordinary soil. One plot with 
d 10 seeds of Red Kidney bean, soybean, and one without contratoxicant were 
= and pea were uniformly planted in sepa-__ then treated with NH,(2,4-D). 

ly rate holes, two seeds of one species being Emergence counts were made on June 
ts placed in each hole. In one plot the seeds 28, 18 days after planting, and fresh 


were covered with contratoxicant, three weights were obtained on July 23 (table 
parts soil to one part Norit A by weight, 3, fig. 3). The results were similar to 


TABLE 2 
NUMBER OF PLANTS WHICH EMERGED FROM PLOTS TREATED WITH NH,(2,4-D) 
SEEDS IN SOME PLOTS PROTECTED BY CONTRATOXICANT ABOVE SEEDS. FRESH 
WEIGHT (GM.) OF TOPS DETERMINED 50 DAYS AFTER PLANTING 





KIDNEY BEAN PEA 
No Weight No Weight 
emerged of tops emerged of tops 
Untreated control 13 265 22 51 
Norit A—no NH,(2,4-D) | 8 203 14 25 
Norit A—then NH,(2,4-D) ---| 14 302 19 40° 
No Norit A—NH,(2,4-D) 4 82 3 7 
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lic. 2.—Growth of kidney bean, sweet corn, and pea from soil treated with NH,(2,4-D). Contratoxi- 
“chu cant was applied above seeds in some plots. A, control; B, contratoxicant only; C, contratoxicant—then 

‘ NH,(2,4-D); D, NH,,(2,4-D) only. Note that presence of contratoxicant above seeds enabled plants to grow 
e soil normally. Photo taken 29 days after planting. 
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those in the preceding experiment. The 
contratoxicant above the seeds gave 
much protection against the application 
of growth-regulator. The protected 
plants grew well, although not so vigor- 
ously as the untreated control plants. 
Many weeds of common purslane (Por- 
tulaca oleracea L.), milk purslane (Eu- 
phorbia maculata L.), and lamb’s-quar- 
ters (Chenopodium album L.) grew in the 
control plot, but practically none grew in 
the plots treated with growth-regulator. 


BOTANICAL 
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dinary soil was the untreated control; 
NH,(2,4-D) was applied to all other 
plots. 

Emergence counts on July 23, 7 days 
after planting, and fresh weight of tops 
on August 30 showed that a cone of con- 
tratoxicant } inch in diameter furnished 
much protection against the growth- 
regulator, although a cone 1 inch in di- 
ameter furnished more (table 4). 

This experiment was repeated using 
peas. The contratoxicant gave some 


TABLE 3 


EMERGENCE COUNTS AND FRESH WEIGHT (GM.) OF TOPS OF RED KIDNEY BEAN, SOYBEAN, 
AND PEA FROM SOIL TREATED WITH NH,(2,4-D)* 


KIDNEY BEAN 


No. Weight 

emerged | of tops 
Untreated control. : 23, | = 333 
Norit A—then NH,(2,4-D). . 22 250 
No Norit A—NH,(2,4-D)..... 2 4 


* There was a cone of contratoxicant above seeds in one plot. 


SIZE OF CONTRATOXIFIED ZONE 
ABOVE SEEDS 


The purpose was to determine how 
large the cone of contratoxicant above 
the seed must be in order to furnish pro- 
tection against growth-regulators. On 
July 16 five plots were laid out, and forty 
holes about 6 inches apart and 23 inches 
deep were made in each plot with a 
dibble. The holes were 13 inches in di- 
ameter at the soil surface in three plots, 
1 inch in diameter in another, and 3 inch 
in the fifth. Two seeds of soybean were 
placed in each hole. The seeds in two 
plots with 13-inch holes were covered 
with ordinary soil, and the holes in the 
other plots were filled with contratoxi- 
cant, a mixture of ten parts soil to one 
part Norit A by weight. One plot in 
which the seeds were covered with or- 








SoYBEAN PEA 
WEEDS 
| (WEIGHT 
No. | Weight No. Weight OF TOPS) 
emerged | of tops emerged | of tops 
17 96 20 13 168 
18 33 19 II 2 


° ° ° ° 2 


protection against the growth-regulator 
but less than that furnished the soybeans 
(table 4). This may be partially ex- 
plained by the greater sensitivity of pea 
to NH,(2,4-D). 


CONCENTRATION OF Norit A 
ABOVE SEEDS 

The purpose was to determine the 
concentration of Norit A in a soil neces- 
sary to protect seeds from an application 
of growth-regulator. The effectiveness of 
sprinkling undiluted Norit A on the soil 
surface above the seed after planting was 
also studied. Holes 23 inches deep, 2 
inches in diameter at the soil surface, and 
6 inches apart were made. Two pea seeds 
were placed in each hole. Twenty-eight 
holes were filled with ordinary soil. Four- 
teen of them served as the untreated con- 
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lic. 3.—Growth of kidney beans, soybeans, and peas from soil treated with NH,,(2,4-D). Seeds in one 


plot covered with contratoxicant. A, control; B, contratoxicant—then NH,(2,4-D); C, NH,(2,4-D) only. 
Note that contratoxicant above seeds furnished much protection to plants. Many weeds grew in control plot 
but almost none in plots sprayed with growth-regulator. Photo taken 28 days after planting. 
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trol. Undiluted Norit A was sprinkled on 
the soil in a thin layer about 2 inches in 
diameter over the seeds in each of the 
other holes filled with ordinary soil. 
Other holes were filled with mixtures of 
Norit A in soil at concentrations of 
3335333, 100,000, 20,000, 3333, 1000, 200, 
or op.p.m. There were fourteen holes per 
treatment. The whole surface area, ex- 
cept the untreated control, was then 
treated with NH,(2,4-D) at a rate of 
10 lb./acre. 


[DECEMBER 


contratoxicant would adsorb nutrients 
and other compounds from the soil and 
become saturated, thus losing its power 
to adsorb growth-regulators. This is of 
importance, since the spraying of herbi- 
cidal growth-regulators is often done 
several days after crops are planted al- 
though before their emergence. If Norit 
A above seeds loses its adsorptive power 
for a growth-regulator between planting 
time and application of herbicide, the 
contratoxicant would be of no value. 


TABLE 4 


NUMBER OF SOYBEANS AND PEAS THAT EMERGED AND FRESH WEIGHT (GM.) OF TOPS OF 
SOYBEANS FROM SOIL TREATED WITH NH,(2,4-D). SEEDS IN SOME PLOTS PROTECTED 
BY CONE OF CONTRATOXICANT OF 13, 1, OR } INCH DIAMETER; EMERGENCE COUNTS 
MADE 7 AND 13 DAYS AFTER PLANTING, RESPECTIVELY 


TREATMENT 


Untreated control. . ; : 
Cone of contratoxicant 13 inch in diameter. 
Cone of contratoxicant 1 inch in diameter 
Cone of contratoxicant } inch in diameter 
No contratoxicant 


Growth of the peas was very poor and 
irregular because of the high tempera- 
tures prevailing. Emergence counts on 
June 28, 18 days after planting, and 
fresh weights of tops on July 15 showed 
that a concentration as low as 1000 
p.p.m. of Norit A gave much protection 
to the plants. The undiluted Norit A 
sprinkled on the soil surface above the 
seeds also furnished much protection. 


ADSORPTIVE POWER OF CONTRATOXICANT 
FOR GROWTH-REGULATOR AFTER 
MIXING WITH SOIL 


The purpose was to determine how 
long Norit A incorporated in a soil re- 
tains its adsorptive capacity for a 
growth-regulator. It may be that the 


SoyBEAN PEA 

No. Weight | No. 
emerged of tops | emerged 

57 230 } 4° 
43 109 12 
45 | 113 II 
5° 52 5 
10 I I 


On June 25, thirty-six holes 2 inches 
deep and 13 inches in diameter at the 
soil surface were uniformly made in each 
of four plots. Two pea seeds were placed 
in each hole. The seeds were covered with 
ordinary soil in two plots and in the 
other two plots with contratoxicant, a 
mixture of one part Norit A to ten parts 
soil by weight. One plot with and one 
without contratoxicant were immediate- 
ly treated with NH,(2,4-D). All plots 
were watered, and watering was repeated 
daily for the duration of the experiment 
in order to allow nutrients and other 
compounds in the soil solution to diffuse 
to the contratoxicant. Three days after 
planting, a plot with contratoxicant was 
treated with growth-regulator. 
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Emergence counts on July 8, 13 days 
after planting, showed that the contra- 
toxicant was effective in adsorbing 
growth-regulator for a period of at least 
3 days after being incorporated in the 
soil (table 5). Fresh weights of tops were 
not obtained, since the peas did not grow 
well during the high temperatures of 
July. 
TABLE 5 
NUMBER OF PEAS THAT EMERGED FROM PLOTS 
rTREATED WITH NH,(2,4-D) 0 OR 3 DAYS AFTER 
PLANTING. SEEDS IN SOME PLOTS PROTECTED 
BY CONTRATOXICANT ABOVE THEM 


a No. 
Treatment 
emerged 
Untreated control........ 40 


No contratoxicant—NH,(2,4-D) 1 
Contratoxicant—NH,(2,4-D) ap- 
plied immediately after plant- 


MRM Ch As counter 2 om 28 
Contratoxicant—NH,(2,4-D) ap- 
plied 3 days after planting.... 38 


In a second experiment Norit A was 
raked with the upper 2 inches of soil of 
plots at a rate equivalent to 500 lb./acre. 
Immediately afterward one plot with and 
one without Norit A received an applica- 
tion of NH,(2,4-D) at a rate of 10 lb./ 
acre. Other plots were treated with 
NH,(2,4-D) 2, 4, 8, or 12 days after 
Norit A was applied. Two days after ap- 
plication of the growth-regulator twenty- 
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five seeds of Red Kidney bean and twen- 
ty-five of soybean were uniformly plant- 
ed in each plot. Seeds were also planted 
in untreated control plots and in plots 
which were treated only with growth- 
regulator o or 8 days after the initiation 
of the experiment. All plots were watered 
daily. 

Emergence counts 3 weeks after plant- 
ing indicated that Norit A still strongly 
adsorbed NH,(2,4-D) even after the 
contratoxicant had been incorporated 
within the soil for 12 days (table 6). 


COATING SEEDS WITH CONTRATOXICANT 
The purpose was to determine whether 
coating seeds with Norit A before plant- 
ing protects them from applications of 
growth-regulator after planting. On July 
24 two plots were treated with NH,- 
(2,4-D). The soil was then raked to a 
depth of 2 inches, and in one of the plots 
with and in another without growth- 
regulator one hundred seeds of Red Kid- 
ney bean were uniformly planted. In the 
other plot treated with growth-regulator, 
kidney beans coated with Norit A by 
immersion in an aqueous paste of the 
contratoxicant were planted. All plots 
were then watered. 
Emergence counts on August 9, 16 
days after planting, and fresh weights of 


TABLE 6 
NUMBER OF KIDNEY BEANS AND SOYBEANS THAT EMERGED FROM 
SOILS TREATED WITH NORIT A AND/OR NH,(2,4-D) 


BEAN 
TIME OF APPLICATION 
OF GROWTH-REGULATOR | 
ADDITION O . ° 
Big F Norit A | 
Senile Control then 
NH,(2,4-D) | 
° | 21 20 
2 | ‘ ee 18 | 
Bok ss 20 
Pe) } 21 20 
12. 2I 


NH,(2,4-D) 


SOYBEAN 


Norit A 
Control then NH,(2,4-D) 
NH,(2,4-D) 
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tops on August 31 indicated that the 
contratoxicant furnished some protection 
(table 7). This experiment was repeated 
twice with similar results. Coating seeds 
of soybean, pea, or wheat with Norit A, 
however, did not furnish them protec- 
tion. 
TABLE 7 
EMERGENCE COUNTS AND FRESH WEIGHTS (GM.) 
OF TOPS OF RED KIDNEY BEAN. SOME SEEDS 
COATED WITH NORIT A BEFORE PLANTING 





No. Weight 

emerged of tops 

Control : 77 1000. 2 
Norit A on seeds. . . 52 233.5 
No Norit A on seeds ° 14.0 


Contratoxification on aerial 
parts of plants 

Red Kidney beans, soybeans, and peas 
were planted in 6-foot rows in the garden. 
Plant growth-regulators and suspensions 
of contratoxicant were sprayed with 
3-gallon sprayers. The leaves were thor- 
oughly wet with suspensions of contra- 
toxicants. The plants were sprayed 
heavily with 0.1% solutions of growth- 
regulators but not to the extent that 
liquid dripped from the leaves. Dusting 
of contratoxicants was done with a 
cheesecloth bag. Each treatment con- 
sisted of one 3-foot row of plants con- 
taining about twenty plants of kidney 
bean, twenty-five of soybean, or twenty- 
five of peas. 


VARIOUS RATES OF Norit A 


The purpose was to determine the 
quantity of Norit A in water necessary to 
protect kidney beans against NH,- 
(2,4-D). On June 20, a sunny day, the 
average height of the plants was 8 inches 
and they had expanded two trifoliate 
leaves. At 10:00 A.M., plants were 
sprayed with 20, 5, 1, 0.33, or o% aque- 
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ous suspensions of Norit A. Ten minutes 
later some plots treated with contratoxi- 
cant were sprayed with a 0.1% solution 
of NH,(2,4-D). One lot of plants re- 
ceived an application of contratoxicant 
only; another was untreated and served 
as a control. 

Plants were harvested on July 15, 25 
days after treatment (table 8, fig. 4). 
Control plants and those treated with 
contratoxicant only were about 13 inches 
tall, and those sprayed only with 
NH,(2,4-D) were dead and dried. The 
20% and 5% suspensions of contratoxi- 
cant gave excellent protection against 
the growth-regulator, the 1% gave 
much, but the 0.33% suspension gave 
very little protection. Plants sprayed 
only with 20% or 5% suspensions of 
Norit A produced less fresh weight of 
tops than the untreated control plants. 


Use oF Norit A bust 
The purpose was to determine whether 
Norit A dust protects soybeans against 
applications of NH,(2,4-D), sodium 


TABLE 8 


FRESH WEIGHT OF TOPS (GM.) OF KIDNEY BEANS 
25 DAYS AFTER TREATMENT WITH NORIT A 








| 
With | Without 


Tecataneat NH,(2,4-D) | NH,(2,4-D) 





20% Norit A.... ; 205 310 
5% Norit A re 335 308 
1% Norit A... 182 481 

0.33% Norit A....... go 413 

i, a mr 526 





* Dead and dried. 


2,4-dichlorophenoxyacetate [Na(2,4-D)], 
or isopropyl ester of 2,4-dichlorophe- 
noxyacetic acid (IE 2,4-D). At the time 
of treatment, 11:00 A.M., June 24, the 
plants were 9 inches tall, and the third 
trifoliate leaves were beginning to ex- 
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Fic. 4. gy beans 4 (upper), 16 (middle), and 25 (lower) days after spraying with aqueous suspen- 
sions of Norit A and/or bin regulator. Rows (left to right): NH,(2,4-D) ns 0.33% Norit A—then 
NH,(2,4-D); 1 o, Norit A—then NH,(2,4-D); 5% Norit A—then NH,(2 2,4-D); and 20% Norit A—then 
NH,(2,4-D). Note that 20% and 5% sunpensions of Norit A gave cealner protection against growth- 
regulator and that 1% gave partial protection. 
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tops on August 31 indicated that the 
contratoxicant furnished some protection 
(table 7). This experiment was repeated 
twice with similar results. Coating seeds 
of soybean, pea, or wheat with Norit A, 
however, did not furnish them protec- 
tion. 
TABLE 7 
EMERGENCE COUNTS AND FRESH WEIGHTS (GM.) 
OF TOPS OF RED KIDNEY BEAN. SOME SEEDS 
COATED WITH NORIT A BEFORE PLANTING 


No. Weight 

emerged of tops 

Control ‘ 77 1000. 2 
Norit A on seeds 52 233-5 
No Norit A on seeds ° 14.0 


Contratoxification on aerial 
parts of plants 


Red Kidney beans, soybeans, and peas 
were planted in 6-foot rows in the garden. 
Plant growth-regulators and suspensions 
of contratoxicant were sprayed with 
3-gallon sprayers. The leaves were thor- 
oughly wet with suspensions of contra- 
toxicants. The plants were sprayed 
heavily with 0.1% solutions of growth- 
regulators but not to the extent that 
liquid dripped from the leaves. Dusting 
of contratoxicants was done with a 
cheesecloth bag. Each treatment con- 
sisted of one 3-foot row of plants con- 
taining about twenty plants of kidney 
bean, twenty-five of soybean, or twenty- 
five of peas. 


VARIOUS RATES OF Norit A 


The purpose was to determine the 
quantity of Norit A in water necessary to 
protect kidney beans against NH,- 
(2,4-D). On June 20, a sunny day, the 
average height of the plants was 8 inches 
and they had expanded two trifoliate 
leaves. At 10:00 A.M., plants were 
sprayed with 20, 5, 1, 0.33, or o% aque- 
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ous suspensions of Norit A. Ten minutes 
later some plots treated with contratoxi- 
cant were sprayed with a 0.1% solution 
of NH,(2,4-D). One lot of plants re- 
ceived an application of contratoxicant 
only; another was untreated and served 
as a control. 

Plants were harvested on July 15, 25 
days after treatment (table 8, fig. 4). 
Control plants and those treated with 
contratoxicant only were about 13 inches 
tall, and those sprayed only with 
NH,,(2,4-D) were dead and dried. The 
20% and 5% suspensions of contratoxi- 
cant gave excellent protection against 
the growth-regulator, the 1% gave 
much, but the 0.33% suspension gave 
very little protection. Plants sprayed 
only with 20% or 5% suspensions of 
Norit A produced less fresh weight of 
tops than the untreated control plants. 


UsE oF Norit A DUST 


The purpose was to determine whether 
Norit A dust protects soybeans against 
applications of NH,(2,4-D), sodium 


TABLE 8 
FRESH WEIGHT OF TOPS (GM.) OF KIDNEY BEANS 
25 DAYS AFTER TREATMENT WITH NORIT A 
AND/OR 0.1% NH,(2,4-D) 








Geaiiniaie _ With Without 
NH, (2,4-D) NH,(2,4-D) 
20% Norit A 205 | 310 
5% Norit A 335 308 
1% Norit A ore 182 481 
01439, Nont-A......-.. go 413 
No Norit A ee 526 





* Dead and dried. 


2,4-dichlorophenoxyacetate [Na(2,4-D)], 
or isopropyl ester of 2,4-dichlorophe- 
noxyacetic acid (IE 2,4-D). At the time 
of treatment, 11:00 A.M., June 24, the 
plants were 9 inches tall, and the third 
trifoliate leaves were beginning to ex- 
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sions of Norit A and/or growth-regulator. Rows (left to right): NH,(2,4-D) only; 0.33% Norit 
NH,(2,4-D); 1% Norit A—then NH,(2,4-D); 5% Norit A—then NH,(2,4-D); and 20% Norit 


NH,(2,4-D). Note that 20% and 5% suspensions of Norit A gave excellent protection against 
regulator and that 19% gave partial protection. 
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pand. Some plots were dusted with 
Norit A. Then, some plots treated with 
Norit A and some without previous 
treatment were sprayed with 01% 
aqueous solutions of Na(2,4-D), NH,- 
(2,4-D), or IE 2,4-D. One plot received 


TABLE 9 


FRESH WEIGHT (GM.) OF TOPS OF SOYBEAN 
26 DAYS AFTER TREATMENT 











Tiesteent With Without 

jigs ae Norit A | Norit A 

NON ss Ginnie Sitain <6ioe | 260 | s 
CPE 1) ere 238 | 634 
NH,(2,4-D) Src aen 192 43t 


te | eer | 147 | 14} 





* Sample lost. 
t Plants alive but little developed. 
t Dead and dried. 


a treatment of contratoxicant only. A 
heavy rain falling 34 hours after treat- 
ment washed most of the contratoxicant 
from the foliage. 

The plants were harvested on July 20, 
26 days after treatment, when controls 
were 21 inches tall and beginning to 
flower (table 9). Plants sprayed with 
growth-regulators only were dead or al- 
most dead, but the Norit A gave excel- 
lent protection against each growth- 
regulator used. Some leaves of plants 
dusted with Norit A and then sprayed 
with a growth-regulator were abnormally 
veined and appeared blistered, but the 
over-all growth was not severely re- 
tarded. 


Use OF Dusts OF Norir A, 

NucHAR 2A, AND 

NucHAR C-115 
The purpose was to compare the ef- 
fectiveness of two types of Nuchar with 
Norit A in protection of soybeans from 
sprays of butyl ester of 2,4-dichloro- 
phenoxyacetic acid (BE 2,4-D). The 
plants were treated when they were 9 
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inches tall with three trifoliate leaves. 
Plots were dusted with Norit A, Nuchar 
2A, or Nuchar C-115. Some plots previ- 
ously dusted and some not dusted with 
contratoxicant were sprayed with 0.1% 
BE 2,4-D. Some lots of plants received 
applications of contratoxicant only, and 
another received BE 2,4-D only. One 
untreated lot served as a control. 

Final observations and harvest on 
July 26 showed that all contratoxicants 
gave excellent protection against the 
growth-regulator (table 10). 


APPLICATION OF CONTRATOXICANTS 
AFTER SPRAYING WITH GROWTH- 
REGULATOR 

The purpose was to determine whether 
Norit A could prevent toxicity symptoms 
of BE 2,4-D when applied to plants pre- 
viously treated with BE 2,4-D. Kidney 
beans 8 inches tall with two trifoliate 
leaves and peas ro inches high were used. 
At 7:00 A.M. on June 22, an overcast day, 
plants were sprayed with a 0.1% solution 
of BE 2,4-D. After 5, 15, and 60 minutes, 
or 5 hours peas were sprayed with a 5% 


TABLE 10 
FRESH WEIGHT (GM.) OF TOPS OF SOYBEAN 
26 DAYS AFTER TREATMENT WITH CONTRA- 
TOXICANTS AND/OR GROWTH-REGULATOR 








ars With Without 
BE 2,4-D BE 2,4-D 
No contratoxicant. ... 6* | 260 
TROT Dis 3 55 socks 189 239 
Nuchar 2A.... + 223 244 
Nuchar C-115 , 233 225 





* Dead and dried. 


aqueous suspension of Norit A. Beans 
were sprayed with contratoxicant 5, 15 
minutes, or 3 hours after treatment with 
growth-regulator. 

Plants were harvested on July 8, 16 
days after treatment, when the control 
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plants of peas were 14 inches tall and 
fruiting, and bean controls were 13 inches 
high (table 11). Peas sprayed with 
BE 2,4-D only and with BE 2,4-D 
and then contratoxicant after 5 hours 
were dead and dried. Peas treated with 
growth-regulator and then contratoxi- 
cant after 5 minutes were similar to the 
control plants, but those sprayed with 
contratoxicant after 15 minutes showed 
injury. The latter plants had swollen 


TABLE 11 


FRESH WEIGHT (GM.) OF TOPS OF KIDNEY BEANS 
AND PEAS TREATED WITH NORIT A AT VARY- 
ING INTERVALS AFTER SPRAYING WITH BE 
2,4-D. SIXTEEN DAYS AFTER TREATMENT 


Time of application of 


contratoxicant after spray Peas Bean 
ing with BE 2,4-D 
Untreated control 140 526 
5 min. 122 225 
15 min. 66 175 
60 min. : 5° staat 
3 hr. 457 
5 hr. 16* | : 
No contratoxicant iP 74T 


- _ —— ! _ 3 


* Dead and dried 


t Some plants alive but little developed. 


stems, produced no fruit, and were be- 
ginning to die. Peas sprayed with con- 
tratoxicant after 60 minutes were almost 
dead. 

The results for beans were similar to 
those for peas. Unless Norit A was ap- 
plied within 15 minutes after treatment 
with BE 2,4-D, very little protection 
was afforded (table 11). 


Discussion 
Coating seeds of Red Kidney bean 
with contratoxicant gave some protec- 
tion to germinating plants against a 
growth-regulator, but coating seeds of 
pea, soybean, or wheat gave none. The 
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germinating Red Kidney bean probably 
distributed contratoxicant through the 
soil as the cotyledons were pushed up- 
ward and thereby made a contratoxified 
zone below the cotyledons. Mixing of 
contratoxicant with soil probably would 
not result with plants such as pea, the 
cotyledons of which fail to emerge from 
the soil. Roots and stems emerging from 
seeds coated with contratoxicant proba- 
bly soon come in contact with soil con- 
taining toxic amounts of growth-regula- 
tor. A method enabling the contratoxi- 
cant on the seed coat to move outward 
with and thus protect growing roots and 
stems would be of value. A mucilaginous 
base incorporated with the contratoxi- 
cant might result in movement of the 
contratoxicant. 

Coating of reproductive plant parts 
other than seeds with contratoxicants 
would probably furnish protection 
against growth-regulators. ARLE ef al. 
(1) have pointed out that the dusting of 
sweet-potato slips with activated carbon 
before planting minimized injury to the 
sprouts from 2,4-D. 

In these experiments, the excessive 
rate of 10 lb. of growth-regulator per 
acre was applied to the soil. It is probable 
that greater protection to germinating 
seedlings would have been obtained if 
lesser amounts of growth-regulator had 
been applied. 


Summary 


1. An amount between roo and 500 lb. 
of Norit A per acre was required for com- 
plete contratoxification of ammonium 
2,4-dichlorophenoxyacetic acid [NH,- 
(2,4-D)] previously applied to a field soil 
at the rate of 10 lb./acre. 

2. A cone of a Norit A—soil mixture 
above seeds, or such a mixture covering 
a row of seeds, protected the germinating 
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plants from broadcast applications of 
plant growth-regulators. Effective weed 
control was obtained in these plots. 

3. A cone of contratoxicant } inch in 
diameter at the soil surface above a seed 
gave much protection to the germinating 
seed against a plant growth-regulator 
later applied at the surface. A concentra- 
tion of 1000 p.p.m. of Norit A in soil was 
sufficient to furnish much protection. 

4. When Norit A was mixed with a 
field soil, it retained its adsorptive capac- 
ity for NH,(2,4-D) for at least 12 days. 

5. Coating seeds of Red Kidney bean 
with Norit A before planting in soil pre- 
viously treated with NH,(2,4-D) fur- 
nished partial protection to the germi- 
nating seeds. 


6. A 5% aqueous suspension of Norit 
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A sprayed on young Red Kidney bean 
plants protected them from a subsequent 
application of growth-regulator. 


7. Norit A dusted on young soybeans 
protected the plants against subsequent 
applications of NH,(2,4-D), sodium 2, 
4-dichlorophenoxyacetate, or isopropyl 
ester of 2,4-dichlorophenoxyacetic acid. 
Dust applications of Norit A, Nuchar 
2A, or Nuchar C-115 were effective in 
protecting plants against subsequent ap- 
plications of growth-regulator. 

8. Unless Norit A was applied within 
15 minutes after plants were sprayed 
with growth-regulator, little protection 
was afforded. 

DIVISION OF VITICULTURI 
UNIVERSITY OF CALIFORNIA 
Davis, CALIFORNIA 
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SOME EXPERIMENTS WITH HERBICIDES IN PINEAPPLES 


A. S. CRAFTS' AND A. EMANUELLI 


Introduction 

One of the major items in the cost of 
producing pineapples in Puerto Rico is 
that of weeding. In most plantings there 
is an alternation of two or three rows 
planted closely and wide alleys (1). 
Whereas machine tillage can be used in 
the alleys, all weeding between plants in 
the close-planted double or treble rows 
must be done by hand. 

Recent experiments with single-row 
planting prove that, although fewer 
plants can be produced per acre, the 
waste of land is more than compensated 


On leave from the College of Agriculture, Uni- 
versity of California, Davis. 


for by the savings in labor, because ma- 
chine tillage can be used right up to the 
row. By attaching guards to a Ford-Fer- 
guson tractor, all the land except a nar- 
row strip in each plant row may be 
stirred by tillage instruments. This 
makes for very economical weed control. 

When viewed from a long-range stand- 
point, considering utilization of soil 
nutrients and the evils of soil erosion, it 
seems that chemical weed control may 
offer real advantages over tillage. Ob- 
servations have shown that frequent 
tillage has led to serious sheet erosion in 
Puerto Rican pineapple plantings. That 
the destruction of surface-feeding roots 
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by tillage may also result in appreciable 
losses of soil nutrients because of rapid 
leaching through the root zone also seems 
probable. Destruction of weeds by chem- 
ical sprays would minimize erosion and 
permit development of surface-feeding 
pineapple roots that would absorb soil 
nutrients rapidly and efficiently. 

The literature on weed control contains 
little information concerning practices in 
pineapple culture. Paper mulch has been 
used in Hawaii (1, 6), and various herbi- 
cides have been tried on a small scale in 
Puerto Rico, but none of these methods 
has been widely accepted. Care has been 
taken to avoid use of arsenicals around a 
crop that is used directly for human food. 

Recent development of selective oil 
3, 5) and dinitro sprays (2) indicated the 
possibility of using a weed-killer in pine- 
apples that would not injure the plants. 
This paper describes some greenhouse 
and field trials that will aid in developing 
a weed-control program in this important 
crop. 


Material and methods 


Number ro cans were perforated at the 
bottom, filled with a medium-textured 
greenhouse soil, and planted with shoots 
of the pineapple variety Red Spanish and 
with shoots or cuttings of a group of com- 
mon Puerto Rican weeds. Some cultures 
of grasses were grown from seeds, and 
sensitive plants (Mimosa pudica) were 
transplanted from the field. 

When the pineapple plants had set 
roots and were starting active growth, 
lots of plants selected for uniformity 
in size were sprayed, using a Smith 
“streamline blizzard continuous” hand 
sprayer. In some experiments the plants 
were sprayed until visibly wet; in others 
definite volumes of liquid were used, the 
covering being made as uniformly as 
possible. Most of the sprays wet the in- 
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side (ventral) surfaces of the leaves readi- 
ly and were observed to collect and run 
down into the crowns. This was true of 
both oil and water sprays and also of 
emulsions. The outside (dorsal) surfaces 
proved very difficult to wet, and only the 
oil sprays covered these at all well. 

Visual estimates of damage to tissues 
were made at intervals after spraying. 
The amount of injury, as expressed in the 
tables, is calculated as a percentage of the 
vegetation present at the time of appli- 
cation. Comparisons of such observa- 
tions show clearly the trends of the ac- 
tion of the various chemicals. 

Field trials were made using knapsack 
sprayers, and observations were com- 
pleted within 10 days after application. 

The first tests involved spraying with 
a group of commercial oil fractions.’ 
These were stove naphtha, a light frac- 
tion used as a fuel in gasoline stoves; 
“Varsol,” a slightly heavier fraction that 
conforms to the specifications of Stod- 
dard solvent; a standard kerosene; a 
light diesel-oil fraction obtained by frac- 
tional distillation of the standard auto- 
motive diesel oil available in Puerto Rico 
into two equal fractions; standard diesel 
oil; heavy diesel, the other half of the 
distilled oil mentioned above; “‘Bayol 
16,” a flushing oil; and ‘‘Bunker C,” a 
heavy black furnace fuel. 

The plants used were pineapple, Ber- 
muda grass (Cynodon dactylon), purslane 
(Portulaca oleracea), dayflower (Com- 
melina spp.), nutgrass (Cyperus rotun- 
dus), sensitive plant (Mimosa pudica), 
bindweed (Ipomoea spp.), and tropical 
kudzu (Pueraria hirsuta), a_ tropical 
legume that resembles a number of 
weedy species and also serves as a broad- 
leaved crop plant. 


2Samples kindly donated by the Standard Oil 
Co. of Puerto Rico. 








Results 

The results indicate that the only oils 
producing practically no injury on pine- 
apple plants were stove naphtha and 
“Bunker C” (table 1). The first is a very 
light, volatile oil which evaporates al- 
most as rapidly as it is applied. “Bunker 
C” is a heavy black oil and, although it 
coated the leaves, caused little or no di- 
rect injury. The coated leaves continued 
to grow at their bases, so that after sev- 
eral weeks only their tips were coated. 
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typical chronic injury,’ evidenced by 
chlorosis of the leaves that gradually be- 
came severe enough to result in death by 
October 9. The stems did not die until 
some time after the leaves. 

Injury to purslane by the light oils 
was rapid. Chronic injury developed in 
the cultures treated with the heavy oils. 
Since the plants had a long period in 
which to recover, those that were not 
killed recovered completely. Final read- 
ings were erratic and relate to the rela- 


TABLE 1 


INJURY (%) TO PINEAP 


OIL FRACTION 


PLE CAUSED BY OIL SPRAYS. SPRAYED SEPTEMBER 3, 1947 


DATE OBSERVED 











0/3 9/10 | 9/16 | 9/18 | 9/20 | 9/23 9/27 | 10/9 | 10/18 
Stove naphtha..........| 0 ° ° oo} Oo oe | oO" ° | ° 
oo ° ° ° ° S |) #6 |) ae | 15 25 
Kerosene | 0 sot 75 80 80 90 | 95 05 100 
Light diesel... i ~° 25t 75 80 80 go | 90 100 | 100 
. . ! > > 
Standard diesel. .... ie 5 75t | 80 80 9° | go | 100] 100 
Heavy diesel. . i “° 10 10 | 20 50f | 60 | 60 | 75} 80 
“Bayol 16”... | oO ° 75t | 80 8o 80 | go 90} go 

9 

“Bunker C”.... | ° ° 5 10 10 15 ° ° | ° 


* Readings made on September 4 and 5 showed no injury to pineapple. 


| 


¢ Severe injury occurred in the center of the plant, resulting in death of the center bud and of all inner leaves. 


Injury which followed the application 
of the oils of the medium range consisted 
of death of the meristematic tissues at 
the bases of the young growing leaves, 
decay of the tissues accompanied by a 
putrid odor, and complete loss of the cen- 
ters of the plants. The older leaves in 
which no active meristem was left with- 
stood the toxic action but later became 
chlorotic and died after several months. 
Figure 1 illustrates the effects of the 
diesel-oil spray and of the “Bunker C” 
treatment. 

Injury to Bermuda grass by the light 
oils was rapid and, in these pot cultures, 
fatal (table 2). In deeper soil the roots 
would have survived. Injury by “Bayol 
16” appeared on September 5. It was 


tive completeness of coverage more than 
to the characteristics of the oils. 

Injury to dayflower was severe from 
the light and medium oils but slow and 
incomplete from the two heavy fractions 
(““Bayol 16” and “Bunker C’’). Plants 
treated with the latter two showed con- 
siderable recovery toward the end of the 
period of observation, as did the plants 
in the culture treated with standard 
diesel oil. 

Injury to nutgrass by these oils never 
exceeded 25%. As the older injured 
leaves died, new ones developed; recov- 
ery was complete by the end of the test. 
Sensitive plants were the most suscep- 


3For detailed definition of this term as here 
used see CRAFTS and REIBER (5s). 
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Fics. 1-3.—Effect of herbicides on pineapple plants. Fig. 1 (above), oil sprays. Left, control plant; center, 
sprayed with diesel oil; right, sprayed with “Bunker C.” Note on latter that older leaves are completely 
coated with black oil and that younger leaves are coated from tips down to portions that were in crown 
at time of spraying. Fig. 2 (middle), ‘“‘Varsol.” Left, plant received 5 ml. of ‘‘Varsol” on September 16. Right, 
control with leaves depressed to show center of crown. Photographed October 24. Fig. 3 (below), general 
contact sprays. Left, control; center, recently sprayed plant with front leaves depressed to show injury to 
bases of young leaves; right, sprayed plant that has had time for growth of injured leaves. Older leaves at 
time of spraying were uninjured; young leaves were injured in meristematic region but have since grown 
out, and only tips are dead. 





TABLE 2 
INJURY (%) TO WEEDS AND CROP PLANTS FROM OIL SPRAYS. TREATED SEPTEMBER 3, 
1947. FINAL OBSERVATIONS ON OCTOBER 18 








| | | 
| | | . sas . 
Oil fraction Beands Purslane | Dayflower | Nutgrass on Bindweed Fropical 

| grass | -s | plant kudzu 
Stove naphtha..... 100 o | 80 ° 100 100 100 
“Varsol”’ 100 25 100 ° 100 ° ° 
Kerosene ; ol} 100 100 ° 100 ° ° 
Light diesel oe o | 100} 100 ° 100 | ° ° 
Standard diesel acd o | ° 50 ° 100i ° ° 
Heavy diesel o | ° 100 | o | 100 | ° 100 
“Bayol 16”.. 100 | ° 25 ° 100 | ° ° 
UNKET ES 5 <4 c4-cxs 10 | ° ° | 100 ) 

| 


TABLE 3 
INJURY (%) TO PINEAPPLE PLANTS ON INDICATED DATES FROM OIL SPRAYS 
APPLIED SEPTEMBER 106, 1947 
VOLUME APPLIED (ML.) 


OIL FRACTION | 7 = | 





5 10 15 20 5 10 15 20 
— aoe eS ee 
| September 18 September 20 
i on fo ee J 
| | 
Stove naphtha ° o | o ° ° o | 6 5 
“Warsol’.... o | o | to 25 ° 50* 65* | 75* 
Kerosene. .... ° o | 5 20 ° 50* 65* | 7 A 
Light diesel. . . oe | © | © ° ° so” | 66" 70* 
Standard diesel o | o | o fo) ° 50* 60* 70* 
Heavy diesel......... o | © fe) fo) ° fe) ° ° 
SRBAVONMD oe esti ees ok eo | ©o fe) ° ° ° o | oO 
“Navy special’....5..0, Oo | ° ° ° ° o «6|l—hl(lo 
September 22 September 27 
‘s a Deine: « na | — 4 7 : 2 | 
| | | | | | 
Stove naphtha.........} o ss 2 oe | ss 1 Se 5 o | Oo 
SOUAREON 5566s 25 | 50 | 65 | 75 | 30 60 | 75 | go 
4 ~ » ~ | — | -n* ne - 
Kerosene... ... 35. | 50 | 65 | 75 so” | 7s | os | 60 
Light diesel. ..... ; 50* 60 | 65 | 75 | 60 | 80 go | go 
Standard diesel........ ° 60 | 65 | 75. | 50* 65 80 | 75 
. | > 
Heavy diesel.......... | @5 | -40 | 60" 7e* 65* | oo" 80 | go 
PBSYOMAO 65.3660 oe ston |} o | o | © So | © | o ° 50* 
“Navy Special’ ...:..:.] Oo | ~o | o | o | © o | 5§ | 10 
| 
October 9 October 18 
| 
| 
Stove naphtha.... : o | © } 6 1 +6 ° So } 6 | 6 
POMEIN oie 65.5 04 20 | 60 | 95 | 95 25 75 | 95 | 95 
Riergsene. 2. .cc 2. a 60 | 85 | 100 | 100 50 go 100 =|: 100 
Dapht diesel... ....... 70 ~+| 100 100 | 100 75 100 | 100 | 100 
Standard diesel........| 90 | 75 100 =| go | go | go | 100 | go 
Heavy diesel....... al ees 100 go | 100 go | 100 | 100 100 
BAGONG: 255.55. <70 ° 7o* | s50* | 100 5 70 | 70 100 
2 - ¢ 
“NAVY SPOGIAL soc... ° 5 i, tO: | as ° 5 | 10 15 
| 


| 
| 











* Severe injury occurred in the center of the plant, resulting in death of the center bud and all inner leaves. 
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tible of all to the oils and were killed by 
all but “Bunker C.’’ Leaves sprayed 
with this oil remained coated, but new 
ones emerged, and the plants recovered. 

Bindweed was killed rapidly by stove 
naphtha and did not recover. In the field, 
where the root system is deeper, injury 
would not have been so complete. 
Though all the light fractions caused 
killing of leaves, recovery by axillary 
buds and by new shoots from below 
ground was complete by October 18. In- 
jury by “Bunker C” was of the chronic 
type but was probably related to the 
small root system in the pot culture. 
Kudzu was rapidly injured by all the 
lighter oils, but most of the plants re- 
covered by growth of axillary buds from 
around the crowns. Plants sprayed with 
stove naphtha were rapidly killed and 
showed no recovery. Injury by the heavy 
diesel oil became apparent on September 
5 and was complete by September 1o. 
Possibly coverage was more complete 
than in the case of the two other diesel 
fractions. 

Because the injury by ‘Varsol’’ was 
incomplete and because the volumes ap- 
plied were not measured in the above 
experiments, it seemed desirable to re- 
peat the work on pineapples using meas- 
ured volumes. Table 3 gives the results of 
this study. The oils were the same except 
that “Navy Special,” a lighter furnace 
fuel, was substituted for “Bunker C.” 

r'rom the data of this experiment it 
seemed that stove naphtha was the only 
safe oil to use to kill weeds in pineapple 
fields. Although ‘‘Navy Special” did not 
kill the pineapples, it also was nontoxic 
to weeds and hence useless. Figure 2 
shows the plant that received 5 ml. of 
“Varsol” in this test. The young leaves 
in the center were softened at the base, 
so that they pulled out very easily, and 
their basal meristem cells were dead. The 


apical meristem was not killed, however, 
and a new bud formed and developed, 
shown in the center of the plant on the 
left. The plant on the right is a control 
with the front leaves depressed to show 
the normal structure of the central por- 
tion. 

In a test started on October 27, four 
oils were used, the standard diesel fuel, a 
no. 2 diesel fuel from Standard Oil of 
California, “‘Stanship Diesel’’—a heavy 
marine diesel fuel used to refuel trans- 
atlantic diesel freighters—and ‘‘Stand- 
ard Weedkiller no. 2’’—a cracked aro- 
matic bottom from California crude sold 
as a special weed oil. These four oils were 
tested on pineapples and ten other spe- 
cies. All four were fatal to pineapples. 

After these tests a field trial was made 
using stove naphtha on mature plants of: 
bearing size. For comparative purposes a 
fortified oil-emulsion spray (4) and a di- 
nitro selective were also used. The stove 
naphtha was used in sufficient quantity 
to cover all weeds and pineapple plants. 
Ten days after application the stove 
naphtha spray had destroyed the centers 
of the pineapple plants just as kerosene 
and diesel oil had done in the greenhouse. 
The selective and general contact sprays 
caused a localized injury of a type that 
had occurred on plants tested with these 
sprays in the greenhouse and illustrated 
in figure 3. This injury, although it re- 
tarded growth, had no permanent effect. 
It seems that this type of spray could be 
safely used in pineapple plantings if care 
were taken to avoid direct application to 
the crowns of plants. The tests on oils 
would seem to indicate that these have 
no place for weed control in pineapples. 


Discussion 
The labor involved in weeding consti- 


tutes one of the major costs in the pro- 
duction of pineapples. Oil sprays that 
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kill all weeds, including grasses, also in- 
jure pineapples and so cannot be used. 
Dinitro selectives do not kill grasses, and 
they cause contact injury to pineapple 
leaves; there seems to be no place for 
them. Fortified oil-emulsion sprays will 
kill all weeds. If care is taken, by keeping 
the nozzles low and by shielding the 
pineapple plants, to avoid contact with 
the young pineapple leaves, weeds can 
be controlled without injury to pine- 
apples. Preliminary tests prove this to be 
true. Since such oil sprays are economi- 
cal, safe, and effective, it seems that their 
use may effect real savings in weeding 
costs of this crop. 

One further chemical method is under 
trial, the use of a temporary soil steri- 
lant to kill weed seedlings in the topsoil 
(7) much as the paper mulch prevents 
their growth. Though preliminary tests 
indicate this method to be effective, the 
ultimate effect of the chemicals in the 
soil is not known, and the possible vari- 
ations in leaching following flash rains 
may result in injury to the crop or may 
negate the results on the weeds. Much 
more testing is required before this type 
of soil treatment can be recommended for 
general use. 

Very little is known concerning the ef- 
fects of 2,4-dichlorophenoxyacetic acid 
(2,4-D) on pineapples. VAN OVERBEEK’s 
(9) demonstration of its ability to induce 
flowering has caused Puerto Rican grow- 
ers to avoid its use. Greenhouse tests 
with 2,4-D on young plants of the type 
illustrated in figures 1, 2, and 3 have not 


BOTANICAL GAZETTE 





[DECEMBER 


resulted in flowering in Red Spanish 
plants within 4 months. Though 2,4-D 
will not kill grasses in pineapple fields, it 
would prove very convenient to use on 
other weeds. It seems that comprehen- 
sive tests with young plants should be 
conducted to see whether 2,4-D has any 
place in weed control in pineapple fields. 
A pre-planting spray using a fortified oil 
emulsion to kill all weed growth might 
prove valuable as a weed-control method. 
Such a spray used as a pre-emergence 
treatment in sugar beets has proved ef- 
fective in California (8). 


Summary 


1. Hand-weeding is a major item of 
cost in pineapple production in Puerto 
Rico. 

2. Tests of eight commercial oil frac- 
tions on pineapple and weed plants in 
the greenhouse proved that only the 
light fraction stove naphtha could be 
used without injury to pineapple. The 
use of heavier oils resulted in death and 
decay of the meristematic tissues of the 
growing point. 

3. Under field conditions even stove 
naphtha injured mature pineapple 
plants. A dinitro selective injured pine- 
apple leaves without killing grasses. 

4. A fortified oil-emulsion spray may 
be used, provided the pineapple plants 
are shielded from direct application. 
DIVISION OF AGRONOMY AND HorTICULTURE 

PuERTO Rico AGRICULTURAL 


EXPERIMENT STATION 
Rio PIEDRAS 
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SOME 


EFFECTS OF 2,4-DICHLOROPHENOXYACETIC ACID ON 
STARCH DIGESTION AND REDUCING 


ACTIVITY IN 


BEAN TISSUE CULTURES 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 603 


HAROLD J. F. GALL 


The action of severa) growth-regulat- 
ing substances in accelerating digestion 
of starch in leaves, stems, and roots of 
bean and other plants has been reported 
(1, 12, 19). The present note records the 
use of 2,4-dichlorophenoxyacetic acid 
(2,4-D) in culturing stem tissue of bean 
on an agar medium containing starch as 
the sole source of carbohydrates, and 
observations on reducing activity in 
these tissues. Procedures followed were 
partly indicated by earlier work by 
GROSSE (4) with similar material. Ex- 
periments with thin sections made from 
stems of bean plants previously treated 
with indoleacetic acid have been de- 
scribed by BEAL (2) and with sections 
treated with 2,4-D in vitro by SmiTH (17). 

The nutrient solution used was, omit- 
ting sucrose, that of RIKER and GUTSCHE 
(13), composed as follows: water, redis- 
tilled in glass, 1000 ml.; Na,SOx, 100 mg.; 
KC), 130 mg.; NaH.PO, - H,O, 132 mg.; 
MnSQ, + 4H,O, 4.5 mg.; ZnSO, - 7H20, 
3 mg.; H3BO3, 3 mg.; KI, 0.38 mg.; 
MgSO, + 7H.O, 720 mg.; Ca(NOs) ° 
4H,O, 800 mg.; KNOs, 160 mg.; thiamine 
hydrochloride, 0.1 mg.; pyridoxine, 0.8 
mg.; ferric tartrate, 5 mg. In preparing 
the medium, to gm. of Baker & Adam- 
son’s soluble starch and 5 gm. of Difco 
Bacto-Agar were added te a liter of nu- 


trient solution and the whole autoclaved 
for 20 minutes. After thorough stirring, 
25 ml. of the hot solution were added by 
burette to sterile 90-mm. Petri dishes. 
One series received in addition 10 mg. of 
2,4-D per liter, added to the solution 
before autoclaving. 

Young plants of Red Kidney bean, 
grown in soil in the greenhouse until the 
first trifoliate leaves had just begun to 
expand, provided the culture material. 
Adequate sterilization, without apparent 
injury to the tissues, was achieved most 
satisfactorily by use of bromine. After 
the leaves had been removed from the 
plants, the stems were cut below the 
cotyledonary node and placed immedi- 
ately in 1% bromine water containing 
about 0.1% Aerosol O.T. as a wetting 
agent. They were removed after 1 minute 
and allowed to drain on sterile filter 
paper in closed Petri dishes for 15-20 
minutes. Sections approximately 1.5 mm. 
in thickness were then cut with a sterile 
scalpel from the internode and placed in 
the culture dishes on the agar surface, 
with the basal end downward. The fresh 
weight of these sections was 9g mg. +2. 

The air of the laboratory room in 
which cultures were prepared was steri- 
lized by means of triethylene gly col (14) 
vaporized in a Stokes vaporizer (s) 
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kindly supplied by Dr. O. H. RoBErt- 
SON. Satisfactory results were regularly 
obtained by this method when supple- 
mented by dust-suppressive measures. 
For general use in tissue-culture work the 
possible growth-affecting activity of the 
glycol vapor should be considered. In this 
experiment any such effects could be 
disregarded. 

The culture dishes were kept in the 
dark, except for brief intervals of exami- 





Fic. 1.—Sections of bean stem cultured 15 days 
on nutrient agar containing 1% starch and, /eft, 
no 2,4-D; upper, 10 mg./l. 2,4-D (top view); lower, 
10 mg./l. 2,4-D (bottom view). X3. 


nation, in a thermostatically controlled 
chamber at 26° C. + 1. After 2 days un- 
der these conditions sections growing on 
plus—2,4-D medium showed marked pro- 
liferation on the upper surface, with the 
cortical region expanding. Sections on 
minus-—2,4-D medium showed a slight 
superficial proliferation, with little or no 
cortical expansion, and a general brown- 
ing of the cut surface. After 4 days the 
plus sections were still greenish in color, 
with the proliferated areas nearly color- 
less. The epidermis had split into five to 
eight strongly reflexed segments. Four 
sections examined weighed 29.8, 28.6, 
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30.0, and 34.2 mg., respectively. After 4 
days the minus-2,4-D sections were 
brown, had the epidermis intact, and 
showed no additional proliferation. Four 
of these sections weighed 12.2, 8.4, 12.8, 
and 10.0 mg., respectively. 

After 15 days the plus~2,4-D cultures 
had become irregularly rounded masses 
of unorganized whitish tissue (fig. 1). 
No proliferation had taken place at that 
surface of the section in contact with the 
agar. Little or no outward change was 
apparent in the minus~2,4-D sections. 
Fresh weights of four sections of each 
group were 56.4, 56.8, 42.6, and 62.4 mg. 
and 12.2, 14.2, 14.8, and 14.4 mg., re- 
spectively. At this time the culture 
dishes were stained with iodine to show 
the pattern of starch degradation in the 
medium. The dishes were flooded with 
dilute Lugol’s solution, allowed to stand 
for 20 minutes, then drained and washed 
with cold water. Figure 2 illustrates 
three stained cultures, taken at random 
before staining from each of the two 
series, from initial numbers of thirty- 
eight and thirty-nine dishes for the plus- 
2,4-D and the minus~2,4-D series, re- 
spectively. The affected areas of the 
former group are not only of greater ex- 
tent but also more sharply defined and 
the colorless regions clearer than those of 
the latter group. The zone of transition 
from the unaffected to the completely 
colorless areas exhibited the sequence of 
colors with iodine, from blue through 
violet, rose, and orange, characteristic of 
a series of reducing dextrins of decreasing 
complexity. 

The type of response induced in bean 
stem tissue by 10 mg. of 2,4-D per liter 
outwardly resembles that described (15) 
for normal sunflower stem tissue in which 
a like concentration of naphthalene 
acetic acid caused a disorganized f1C- 
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liferation of cambial origin. Preliminary 
histological examination indicated the 
proliferation in the bean stem sections to 
be largely of the endodermis, cambium, 
and phloem, in line with observed re- 
sponses of bean plants to 2,4-D (18). 
Pathological sunflower tissue was strong- 
ly inhibited by 2,4-D even at dilutions 


GALL—BEAN TISSUE CULTURES 


321 


distinct and less extensive pattern of di- 
gestion. The condition of the starch 
grains after the particular solubilizing 
process used is apparently a factor in the 
amount and kind of degradation effected. 
Starch degradation in the minus 
2,4-D medium may be considered the re- 
sult of the action of an enzyme or en- 





Fic. 2.—Patterns of starch degradation in cultures of bean stem tissue. Upper row, medium with to mg./I. 


2,4-D; lower row, medium without 2,4-D. 


as high as 1X 1073 gm. per liter, and to- 
bacco tissue was inhibited at dilutions of 
1X 1075 to 1X 1077 (7). In contrast to the 
response described here for bean stem 
sections, SMITH (17) observed little 
stimulated meristematic activity in thin 
slices (400-800 u) of bean stem in- 
cubated 48 hours with 2,4-D. 

It should be noted that the Baker & 
Adamson’s soluble starch used here re- 
sults in a clear solution when heated. 
Other soluble starches which result in a 
milky solution when heated gave a less 


zymes entering the agar from the 
wounded surfaces of the fresh stem sec- 
tions. The positive effect reported here of 
2,4-D in enhancing the degradation of 
starch in vitro may be the result of direct 
action upon the amylase or phosphory- 
lase systems or both, causing an increase 
in production or activity of the enzymes. 
Mechanical disruption of the tissues in 
the early stages of proliferation or altera- 
tion of permeability of cell membranes 
may be factors involved, as resulting in 
greater leakage of enzyme from the stem 
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sections cultured with, than from those 
cultured without, 2,4-D. The parallel 
with disappearance of starch from cells of 
living intact plants treated with growth 
substances is at least suggestive that a 
metabolic rather than merely mechanical 
disturbance may be operative and that 
the two occurrences may be manifesta- 
tions of a single underlying effect. Corre- 
lation of starch disappearance with new 
cell growth also obtains both in treated 
intact plants (1, 19) and in the treated 
stem sections of this experiment. In the 
latter, however, the picture is simplified, 
since mobilization of reserve carbohy- 
drates from parts of the plant and their 
utilization in meristematic activity in 
other parts need not be considered. The 
intimate association of starch phos- 
phorolysis in plants with the respiratory 
sequence (6, 8) suggests relations that 
might profitably be explored with 
reference to the mode of action of 2,4-D 
and other growth substances. 

In this connection it may be signifi- 
cant that the tissues involved in the 
growth response are those possessing a 
high level of oxidation-reduction ac- 
tivity, as demonstrated by the use of 
tripheny] tetrazolium chloride. This com- 
pound, colorless in aqueous solution, 
may be enzymatically reduced in living 
cells to the insoluble red triphenyl 
formazan (3, 11). Sections 1.5 mm. in 
thickness cut from the first internode 
of young bean plants and placed in 
0.5% triphenyl tetrazolium chloride 
solution were deeply stained red within 
2 hours. Microscopic examination showed 
the red formazan to be sharply localized 
in the endodermis, the phloem (particu- 
larly in the parenchyma cells surround- 
ing the tannin ducts), the cambium, 
where this could be distinguished, and 
the xylem parenchyma surrounding the 
vessels. This pattern of enzyme activity 
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is thus strikingly similar to the pattern 
of meristematic activity shown by 
Kraus ef al. (10) in sections made from 
bean plants 30 hours after treatment 
with indoleacetic acid. Tissues of older 
plants, in which the first internode had 
ceased to elongate, gave a much less 
intense reaction with tetrazolium chlo- 
ride. When sections from these plants 
were cultured for 14 hours on _plus- 
and minus-2,4-D media containing 1% 
sucrose, an intensification of reducing 
activity, especially in the endodermis, 
was apparent in many of the sections 
exposed to 2,4-D, but results in these 
preliminary tests have been too variable 
to be conclusive. 

Under oil immersion the red-stained 
areas within individual cells resolved 
into discrete filamentous bodies in the 
cytoplasm, of varying form and size, in- 
terpreted to be mitochondria. Nuclei and 
nucleoli showed no evidence of staining. 
The intracellular localization of intense 
reducing activity to the mitochondria, 
as these findings suggest, is of particular 
interest in the light of recent biochemical 
work on rat liver (9, 16) demonstrating 
the association with isolated mitochon- 
dria of the fatty acid oxidase system 
and of certain enzyme systems of 
the Krebs tricarboxylic acid cycle. Ac- 
cording to Mattson et al. (11), reduc- 
tion of triphenyl tetrazolium chloride in 
living tissues is probably effected by 
dehydrogenase systems requiring coen- 
zymes I or IT. It would be useful to study 
mitochondria isolated from plant materi- 
al with regard to dehydrogenase and 
other enzyme activity and the action of 
growth substances. 


Summary 


Sections of bean stem cultured on nu- 
trient agar containing 1% starch and to 
mg. per liter of 2,4-D showed extensive 
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proliferation after 15 days. Areas of 
starch degradation in the medium con- 
taining 2,4-D were clearer and more ex- 
tensive than in medium without 2,4-D. 
Reducing activity of the endodermis, 
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phloem, cambium, and xylem paren- 
chyma was demonstrated by the use of 
tripheny] tetrazolium chloride. 


DEPARTMENT OF BOTANY 
UNIVERSITY OF CHICAGO 


LITERATURE CITED 


Bausor, S. C. Effects of growth substances on 
reserve starch. Bot. GAZ. 104: 115-121. 1942. 


. BEAL, J. M. Effect of indoleacetic acid on thin 


sections and detached segments of the second in- 
ternode of the bean. Bor. Gaz. 102:366-372. 
1940. 

and Pratt, R. Histophysiologi- 
cal localization of the site of reducing activity in 
stalks of sugar cane. Amer. Jour. Bot. 35:333- 
334. 1948. 


. Grossk, SHirLEY H. Effects of 2,4-dichloro- 


phenoxyacetic acid in combination with organic 
metabolites on bean stem cultures. Thesis. Univ. 
Chicago. 1947. 


. Harris, T. N., and Stokes, J., Jk. A simple 


vaporizing device for the attainment of bacteri- 
cidal concentrations of glycol vapors in air. 
Science 104:423-425. 1946. 


. Hassip, W. Z. The molecular constitution of 


and the mechanism of its formation. 


Quart. Rev. Biol. 18:311-330. 1943. 


starch 


. HiLpEeBRANDT, A. C., and RIKER, A. J. Influence 


of some growth-regulating substances on sun- 
flower and tobacco tissue in vitro. Amer. Jour. 
Bot. 34:421-427. 1947. 

James, W. O. The respiration of plants. Ann. 
Rev. Biochem. 15:417-434. 1946. 

and LEHNINGER, A. L. Intra- 
cellular structures and the fatty acid oxidase 
system of rat liver. Jour. Biol. Chem. 172:847- 
848. 1948. 

Brown, N. A.; and HAMNER, 
K. C. Histological reactions of bean plants to 
indoleacetic acid. Bot. GAz. 98:370—420. 1936. 


II. 


13- 


15. 


17. 


. TuKEY, H. B.; Hamner, C. L 


Marrtson, A. M.; JENSEN, C. O.; and DuTcHER, 
R. A. Triphenyltetrazolium chloride as a dye for 
vital tissues. Science 106: 294-295. 1947. 


- MITCHELL, J. W., and WHITEHEAD, MURIEL R. 


Starch hydrolysis in bean leaves as affected by 
application of growth-regulating 
Bot. GAZ. 102:393-399. 1949. 

RIKER, A. J., and GutscHe, AticE E. The 
growth of sunflower tissue in vitro on synthetic 
media with various organic and inorganic sources 
of nitrogen. Amer. Jour. Bot. 35:227-238. 1948. 


substances 


. Rospertson, O. H. New methods for the control 


of air-borne infection with especial] reference to 
the use of triethylene glycol vapor. Wis. Med. 
Jour. 46: 311-317. 1947. 

DE Ropp, R. S. The response of normal plant 
tissues and of crown-gall tumor tissues to syn- 
thetic growth hormones. Amer. Jour. Bot. 34: 
53-62. 1947. 


. SCHNEIDER, W. C. Intracellular distribution of 


enzymes. III. The oxidation of octanoic acid by 
rat liver fractions. Jour. Biol. Chem. 176: 259- 
266. 1948. 

Smitu, F. G. The effect of 2,4-dichlorophenoxy- 
acetic acid on the respiratory metabolism of 
bean stem tissue. Plant Physiol. 23: 70-83. 1948. 


- SWANSON, C. P. Histological responses of the 


kidney bean to aqueous sprays of 2,4-dichloro- 
phenoxyacetic acid. Bot. GAz. 107:522-531. 
1946. 

.; and IMHOFE, 
BARBARA. Histological changes in bindweed and 
sow thistle following applications of 2,4-dichloro- 
phenoxyacetic acid in herbicidal concentrations. 
Bor. GAZ. 107:62-73. 1945. 








CONTROL OF MILDEW ON BEAN PLANTS 
BY MEANS OF AN ANTIBIOTIC: 


IRMA M. FELBER AND C. L. HAMNER 


By way of participating in the screen- 
ing program of the National Research 
Council, Chemical-Biological Coordina- 
tion Center, to secure information about 
newly developed chemical compounds 
with regard to their possible growth ef- 
fects on higher plants, an antibiotic sub- 
stance was received among other mate- 
rials for testing. In the routine test this 
substance, actidione, proved to be toxic 
in concentrations higher than 100 p.p.m. 
to young bean plants and oat seedlings. 

Actidione is a product of the Upjohn 
Company, Kalamazoo, Michigan. It is 
isolated from the beers in which strepto- 
mycin-producing strains of Streptomyces 
griseus are cultivated. This antibiotic has 
been credited (2, 3) with antifungal ac- 
tivity, inhibiting the growth of yeast and 
some pathogens of man. 

Incidentally, at the time when acti- 
dione was tested for its growth-regulat- 
ing properties, older bean plants (Red 
Kidney) in the greenhouse became se- 
verely infected with powdery mildew. 
The generally accepted treatments with 
sulfur failed to control the pest. Then it 
occurred to the authors that actidione 
might also have activity against fungi 
that cause plant diseases. When an aque- 
ous solution of actidione at 10 p.p.m. was 
sprayed on the plants affected by mil- 
dew, the grayish-white patches on the 
upper surface of the leaves disappeared 
completely within 48 hours, indicating 
that the mycelium and the conidia of the 
fungus Erysiphe polygoni D.C. had been 
destroyed. © 


t Journal Article no. 975 (N.S.) of the Michigan 
Agricultural Experiment Station. 


Subsequent to this preliminary result, 
experiments were conducted with several 
hundred bean plants for the purpose of 
finding the lowest concentration at which 
actidione still would be effective against 
mildew, and also to determine what sub- 
stance could be used advantageously as a 
carrier and spreader with the material. 
Concentrations of 10, 73, 5, 23, and 1 
p-p-m. were tried. Carbowax, Triton 
X-155, and methylcellulose were tested 
as carriers. At the present time the most 
satisfactory formulation seems to be an 
aqueous dispersion of 0.25% methycel- 
lulose (1500 cp. viscosity type) to which 
is added 5 p.p.m. of actidione. Methycel- 
lulose used alone at concentrations be- 
tween 0.25 and 1% neither prevented nor 
controlled the infection. No difference in 
effect was noticeable when the spray 
solution was made up with either distilled 
or tap water. 

Since lesions of the tissues remain after 
the leaves once have been attacked by 
mildew and since these restrict the 
growth of the plant even after the para- 
site has been destroyed, it seemed ad- 
visable to use actidione prophylactically. 
If the first spray application was made to 
the primary leaves of bean plants when 
10 or 12 days old and if treatments were 
then continued in intervals of 6-10 days 
corresponding to the production rate of 
the trifoliate leaves, these plants were 
protected during their lifetime against 
mildew, even when closely surrounded by 
heavily infected control plants. Actidione 
in concentrations of 10 p.p.m. or lower 
has no apparent effect on the growth of 
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the bean plant itself at its various stages 
of development. 

The fungal spectrum for other or- 
ganisms which cause plant diseases is 
being investigated. It seems possible that 
actidione may be active against other 
fungal plant pathogens that damage 
crops and reduce yields. Fungicidal 
aerosols have not yet been used success- 
fully in disinfecting practices. The use of 
an antibiotic as highly active in such 
minute amounts as actidione, however, 
has possibilities for application in form 
of an aerosol that may greatly facilitate 
control in greenhouses, food storages, etc. 
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Preliminary tests in animals (1) would 
indicate the nontoxicity of actidione in 
the concentrations here reported. 

The important fact is that actidione, 
which is an antibiotic substance derived 
from a fungus, exhibits a growth-inhibit- 
ing effect on another plant parasite and 
in amounts as small as from 1 to 5 p.p.m. 
This suggests the possibility of utilizing 
antibiotic substances in large-scale indus- 
trial and field operations for the control 
of fungus diseases of plants. 

DEPARTMENT OF HORTICULTURE 
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SIZE-FREQUENCY CHARACTERISTICS OF 
PINUS ECHINATA POLLEN 


STANLEY A. CAIN AND LOUISE G. CAIN 


Introduction 

Students of fossil pollen have realized 
the desirability of exact identification of 
the species represented in fossil and sub- 
fossil floras because of the occasional 
great differences in ecological and geo- 
graphic significance of the different spe- 
cies of a single genus. They have in the 
main found it necessary, however, to con- 
tent themselves with generic determina- 
tions because of the close structural simi- 
larity of the pollen grains of the species, 
for example, of spruce, fir, pine, oak, and 
birch. 

The senior author became interested in 
the problem of specific determination of 


pollen grains while investigating the 
flora of some buried soils in the Piedmont 
of South Carolina (4) under the auspices 
of the Physiographic and Climatic Re- 
search Division of the Soil Conservation 
Service. These buried soils contained a 
considerable element of coniferous pollen, 
including more spruce and fir than 
seemed reasonable to have resulted from 
long-distance dispersal, and a representa- 
tion of a variety of pine pollen. European 
investigators (1, 19, 24, 25) had em- 
ployed size-frequency or other biometric 
data in an effort to distinguish species of 
pine and birch, so an effort was made 
along these lines in connection with the 
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problem of buried soils (3). Interest in 
the size-frequency technique was stimu- 
lated by the probable identification of 
fossil pollen of Pinus banksiana from 
South Carolina, a species today having 
the most northern range of any American 
pine and having its southern limits several 
hundred miles from the fossil site. 

As a novice in the field of pollen analy- 
sis, the senior author was impressed both 
by the great possibilities of such studies 
for the reconstruction of vegetational 
and climatic history and by the numer- 
ous difficulties and pitfalls attendant on 
such reconstructions (2, 5, 7). This inter- 
est resulted in a study of the effect of dif- 
ferent types of chemical treatment on the 
size characteristics of pollen. For this 
study pollen of Abies fraseri was used 
(6), and it was shown that the different 
techniques have significant effects on 
grain size. Attacking another basic prob- 
lem, a student (12) undertook a study of 
over- and under-representation of various 
pollen types in the pollen rain under a 
section of virgin spruce-fir forest in the 
Great Smoky Mountains. Similar studies 
are much needed elsewhere under differ- 
ent conditions and with different species. 

The original survey of the size char- 
acteristics of the pollen of twelve species 
of eastern American pines (3) was based 
on a single sample of each species. In 
many cases the size-frequency curves 
were so similar for certain species that 
there seemed little hope for the identifi- 
cation of species by such methods if the 
character were subject to much varia- 
tion. Consequently, a request was made 
to field workers of the Soil Conservation 
Service for fresh collections of pine pol- 
len so that samples of a wide geographic 
representation of at least some of the 
species could be examined. Since the ac- 
quisition of these materials nearly thirty 
thousand grains have been measured, 
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mostly by Louise G. Carn: A study of 
Pinus palustris has already been pub- 
lished (g), and the material for modern 
grains of P. banksiana, P. resinosa, and 
P. strobus has been used in tracing the 
probable postglacial successional devel- 
opment of these pines in the vicinity of 
Sodon Lake, Oakland County, Michigan 
(10). Here, also, a size-frequency study 
of modern and fossil grains of spruce has 
led to the suggestion that the eastern 
Picea rubra was probably present in the 
western Great Lakes area at an earlier 
time (8, 11). In America the size-fre- 
quency technique has also been applied 
to grass pollen (17, 21, 23) in a largely 
unsuccessful effort to distinguish aquatic 
grasses from possible indicators of the 
subboreal xerothermic period. DEEVEY 
(13) thought the size-frequency tech- 
nique worthless in his studies on Con- 
necticut sediments, but HANSEN (18) has 
made extensive and apparently success- 
ful use of the size-frequency characteris- 
tics of pollen grains in his monographic 
study of forest history in the Pacific 
Northwest. 

The present study of Pinus echinata 
Mill. is based on twenty-seven samples 
which were collected from Texas to New 
Jersey, covering much of the area of the 
species (fig. 1). Material from each col- 
lection was prepared for examination by 
the ERDTMAN acetolysis method (2, 15, 
16) since that method is also used by the 
authors for the preparation of fossil pol- 
len. For each collection only one hun- 
dred fifty grains were measured, as other 
studies (9) had shown that number to be 
adequate for statistical comparisons. The 
data are presented in table 1 and 
figure 2. 

Results 

In table 1 the grains are seen to have 
an extreme variation from about 42 to 
70 uw. The data are presented as percent- 
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age frequencies in nineteen size classes, 
each of which represents one scale unit 
on the ocular micrometer (at 440 X), or 
1.56 uw. All grain measurements are com- 
parable, since they represent the greatest 
intra-exine dimension of the tube cell as 
seen squarely in dorsal, ventral, or lateral 
view. The table also shows the mean 
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the mean (X). The open rectangle sets 
off X + one standard deviation (5), and 
the black bar marks ¥ + 2 standard er- 
rors (6/VN). This graphic technique, 
from Dice and LEraas (14) and Huss 
and PERLMUTTER (20), is very useful, for 
it shows at a glance whether certain sets 
of measurements have statistically sig- 
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FIG. 1. 


grain size (¥) and the standard devia- 
tion (6) for each collection. The data for 
the collections are arranged in an array 
according to the value of the mean. Figure 
2is a graphic representation (arranged in 
the same sequence as table 1) of certain 
biometrical data concerning the different 
collections. For each unit of the diagram 
the horizontal line represents the extreme 
size range of the grains of the collection. 
The vertical line marks the position of 


Range of Pinus echinata and points of collection of pollen 


nificant differences, since the odds against 
the occurrence of a deviation as great or 
greater than two standard errors are 
about 21 to 1, and three standard errors 
are about 370 to 1 (22). 

This study of Pinus echinata shows 
what is coming to be expected of size 
characteristics of morphological features 
in general, that is, a considerable intra- 
specific variability. Some collections from 
stations considerably removed from one 
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another may be very similar (coll. 48, 
Arkansas; coll. 73, Alabama). Other 
materials from one locality (Alabama 
collections 109 and 110) may be signifi- 
cantly different. 

A feature of interest that we have not 
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small grains seems to be in the central 
Gulf States. In fact, if we treat as one 
group the twenty collections from the 
southern half of the area of the species 
and as another group the seven collec- 
tions from the northeastern part of the 


encountered in our previous pollen range, we find that the means of the lat- 


TABLE 1 


DATA BASED ON 150 GRAINS IN EACH COLLECTION 
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109 Ala §1.32|+ 2.59 2 o| 8.0| 8.7|20.7|25 3\19. 312.0) 2.7| 0.7| 0.7 | | | 
419 Ark §1.77)+2.50 ) 1.3) 4 o}10 6)18.7|22.7)18.0\16.7]| 7 3) 0.7 | ee | 
107...| Ala 51.99/+ 2.81 | 1.3] 4.6] 8.7/20.0/18.7|20.0|15.3| 7.3] 3-3] 0.7 | } Ee | 
18 Ark 52.16/+ 2.29 | 2.7| §.3|20.0j24.7/20.7|19.3| 6 6} °.7| | Bia ' | 
73 Ala §2.16)+ 2.45 | | 3.3) 9.3|16.0\21 3\21 3\20.0| 8.0) 0.7 .| | | | 
50 Ark 52. 241 2.37 | 0.7/ 2.0] 7.3/13 3/27. 3/22 7/19.3| 5.3] 2.0 | | 
106 Ala. 52.56|+ 2.67 | 2.0) 6.6]/18.7/19. 3/27. 3|16.7|10.0] 4.0] 1.3 | | | 
29 Fla §2.67\+ 2.40 | 2.0) 4.0|11.3|24.7\24.0|20.7| 6.6) 3.3) 1.3 | es ees | | 
74 Ala 52.80) +2.26 10.7] 4 o}12 0/26 .0}24 0} 20 7/10.6] 0.7] 1.3} -| ae | } 
58 Miss. |52.82)+1.98 | 2.7|/16.0/18. 7] 30.7|22.7| 6.6] 2.0) 0.7 we | 
25 La. §2.84\+ 2.17 1.3| 2.0\12 6\22 0|22.7\16.7| 9.3| 3.3 OPA | | 
413 Ark. 53.31; + 2.65 I 1. 3}16.0/16.7|)22.0)23 3/10.6 6.0} 1.3} 0.7] 0.7 } } 
72 Ala. 54.09) + 2.24 °.7| 6 0/14.0/24 0/28.7\15 3|10 o| 0.7/ 0.7/ | | 
75 Ala §4.42\+ 2.45 ..| 2.0] 3.3|14.0|18.0)32.0|16.0) 8.6) 4.6) 1.3 | 
IIo Ala 54.43) + 2.62 } 0.7 5 .3]15.3}20.0|26.7)16.7] 8.0) 4.6) 2.0) 0.7 | | 
5I Ark. |54.54/+ 2.53 | 0.7| 0.7| 6.6/10.0/16.7/28.7/20.7/11.3/ 3.3| 1-3 
22 Tex §4.62\+ 2.54 2.0| 3.3\12.0)20.0/27. 3/15 .3|12.6| 6.6) 0.7 
} | | | | | | \ 
Larger grains of northeastern area of species 
166 Md 55.05|+ 2.78 2.0) 2.7)11.3|16.7\24.7|16.7)1§.3, 7.3| 2.0, 1.3 
154 Ky 55.83) + 2.00 0.7) 2.0) 2.0) 6.7)12.0,22.0\14.7|20.0\14.7| 4.0) 1.3 
137 Pa. 56.29) +2.59 0.7! 0.7] 4.0/10.0 20.7/26.7/17.3/12.6) 4.6) 2.7 
135 Pa §6.84|/+ 2.53 2.7| 7.3|20.0\22.7/22.7116.0) 5.3} 2.0] 0.7/ 0.7 
105 Va $7 .08| + 3.90 3.3) §.3| 7.3'1§.3|16.7\24.7,10.6) 4.6) 6.0) 3.3) 1.3) 0.7, 0.7 
100 N.J 57.56|/+ 2.76 0.7] 0.7] 2.7] §.3/11.3/16. 7/23. 3)/20.7/14.0] 4.0} 0.7 
97 N.C. |60.03|/+ 4.52 °.7 1.3} 3.3) 3.3|/12.0|16.0/20.0/12.0/ 9.3) 8.6) 7.3) 0.7] 4.0) 1.3 
Southern ] ] } } | 
group, all 
grains 52.53/42.95| 0.1 | 0.3] 1.14) 2.9) 6.8/14.7\19.7\20.2\19.4| 8.9] 3.9) 1.4) 0.3| O.1 
Northern } } ] | 
group, all | | | | | | 
grains 38 0.1) 0.9/ 1.3) 4.9) 8.9 16.8)18.0)19.9 6) 6.6) 3.8] 1.9} 1.3} 0.2] 0.7) 0.2 


50.96) + 3 14 


| 


* Size classes in microns. 





studies is some evidence for a geographic 
cline of pollen size in Pinus echinata. Al- 
though the data of table 1 and figure 2, 
arranged in an array by X sizes, show 
only a gradual change and no “‘salta- 
tion,” it is possible to recognize certain 
geographic tendencies. The center for 


ter group are all larger than any of the 
former group. This division is the only 
consistent one that can be made both on 
the map (fig. 1) and in the array (fig. 2 
and table 1). There is some suggestion 
that grain size is also larger on the west- 
ern periphery of the area of the species 
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FIG. 2.—See explanation in text 
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(Texas), as it is on the eastern (North 
Carolina), but the collections are inade- 
quate to demonstrate this conclusively. 
The size data are summarized by states 
in table 2. 
TABLE 2 
MEAN POLLEN GRAIN SIZES (yu) OF Pinus 
echinala ARRANGED BY STATES 





Southern area of species | Northeastern area of species 
——— 
| 


Louisiana 


.| 51.97 || Maryland.....| 55.05 

Alabama | 52.27 || Kentucky.....| 55.83 
Florida | 52.67 || Pennsylvania...) 56.57 
Arkansas | 52.80 || Virginia. 57.08 
Mississippi. 52.82 | New Jersey. . 57-56 
Texas | 54.62 || North Carolina 60.03 

Southern — | Northern 

group Pea, 6s group.... 50.96 


| 
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Conclusions 


Different collections of pollen grains 
of Pinus echinata may be similar as to 
size characteristics from stations a few 
hundred miles apart or be significantly 
different from stations only a few miles 
apart. 

There is evidence in the data for the 
existence of a geographic cline of pollen- 
grain size in Pinus echinata, with the 
grains of the northeastern half of the area 
of the species having consistently larger 
mean values than those of the southern 
half of the area of the species. 


CRANBROOK INSTITUTE OF SCIENCE 
BLOOMFIELD HILLs, MICHIGAN 


LITERATURE CITED 


1. BertscH, K. Palaéobotanische Monographie 
des Federseerieds. Bibliotheca Bot. 26 (103): 
I-127. 1931. 

2. CAIN, S. A. Pollen analysis as a paleo-ecological 
research method. Bot. Rev. 5:627-654. 1939. 

3. ———. The identification of species in fossil 
pollen of Pinus by size-frequency determina- 
tions. Amer. Jour. Bot. 27: 301-308. 1940. 


4. ———. Pollen analysis of some buried soils, 
Spartanburg County, South Carolina. Bull. 
Torrey Bot. Club 71: 11-22. 1944. 

S. . Foundations of Plant Geography, esp. 
chap. 10. Harper & Bros., New York. 1944. 
6. . Size-frequency characteristics of A bies 
Fraseri pollen as influenced by different meth- 
ods of preparation. Amer. Midl. Nat. 31:232 

2360. 1944. 

7. . The place of pollen analysis in paleo- 
ecology. Chron. Bot. 9:106-114. 1945. 

8. . Palynological studies at Sodon Lake. I 


Size-frequency study of fossil spruce pollen. 
Science 108:115-117. 1948. 

g. Carn, S. A., and Carn, Louise G. Size-frequency 
studies of Pinus palustris pollen. Ecology 25: 
229-232. 1944. 

10. , and ———.. Palynological studies at 
Sodon Lake. II. Size-frequency studies of pine 
pollen, fossil and modern. Amer. Jour. Bot. 
35:583-5g91. 1948. 

11. Carn, S. A., and SLateR, J. V. Palynological 
studies at Sodon Lake. III. The sequence of pol- 
len spectra, profile I. Ecology. 29:492—500. 1948. 

12. CARROLL, GLapys. The, use of bryophytic pol- 
sters and mats in the study of recent pollen 
deposition. Amer. Jour. Bot. 30:361-366. 1943. 

13. DEEVEY, E.S. Studies on Connecticut lake sedi- 
ments. I. A postglacial climatic chronology for 


southern New England. Amer. Jour. Sci. 237: 
691-724. 1939. 

14. Dice, L. R., and Leraas, N. J. A graphic meth- 
od for comparing several sets of measurements. 
Contr. Lab. Vert. Gen., Univ. Mich., 3:1-3. 
1930. 

15. ErpTMAN, G. New methods in pollen analysis. 
Svensk. Bot Tidsskrift 30:154-164. 1936. 

16. ———. An Introduction to Pollen Analysis. 
Chron. Bot., Waltham, Mass. 1943. 

17. GEISLER, FLORENCE. A study of pollen grains 
of thirty-two species of grasses. Butler Univ. 
Bot. Studies 7:65-73. 1945. 

18. HANSEN, H. P. Postglacial forest succession, 
climate, and chronology in the Pacific North- 
west. Trans. Amer. Phil. Soc. (N.S.) 37:1-130. 
1947. 

19. H6RMANN, H. Die pollenanalytische Unter- 
scheidung von Pinus montana, P. silvestris, und 
P. cembra. Oesterr. Bot. Zeit. 78: 215-228. 1929. 

20. Husss, C. L. and PERLMUTTER, A. Biometric 
comparison of several samples, with particular 
reference to racial investigations. Amer. Nat. 
76:582-592. 1942. 

21. KELLER, C. O. A comparative study of three 
Indiana bogs. Butler Univ. Bot. Studies 6:65- 
80. 1943. 

22. PEARL, RAyMOND. Medical Biometry and 
Statistics. W. B. Saunders Co., Philadelphia, 
1930. 

23. PotzcrEr, J. E., and THarp, B. C. Pollen profile 
from a Texas bog. Ecology 28: 274-280. 1947. 

24. STARK, P. Ueber die Zugehérigkeit des Kiefer- 
pollens in den verschiedenen Horizonten der 
Bodenseemoore. Bot. Ges. 45:40-47. 1927. 

25. — . Ueber die Diagnose des Birkenpollens 
in fossilen Fundschichten. Die Naturwiss. 17: 
903-904. 1929. 








rains 
is to 
few 
untly 
miles 


r the 
yllen- 
1 the 
> area 
arger 
thern 


1. 297 


c meth- 
ements. 
3: 1-3. 


nalysis. 
30. 
nalysis. 


n grains 
r Univ. 


“cession, 
North- 
721-130. 


Unter- 
tris, und 
28. 1920. 
iometric 
articular 
er. Nat. 


of three 
es 6:65- 


try and 
adelphia, 


en profile 
. 1947- 

's Kiefer- 
nten der 
1927. 

enpollens 
wiss. 17: 





CURRENT LITERATURE 


Bibliography of the Literature on the Minor Elements 
and Their Relation to Plant and Animal Nutrition, 
Vol. 1. 4th ed. Compiled and published by the 
CHILEAN NITRATE EDUCATIONAL BuREAU, INc. 
(120 Broadway, New York 5), 1948. Pp. iii+ 


1037. 


All previous editions, including the seven supple- 
ments of the third, are combined into a single volume 
of 1976 columns, thereby increasing the usefulness 
of this well-known work of abstracts. All entries were 
assembled and reproduced by the offset lithography 
process. New material completes the bibliography to 
June 30, 1947. As in previous editions, abstracts are 
complete with literature citations and are placed 
under forty-five chemical elements which are ar- 
ranged alphabetically from aluminum to zinc. Four 
indexes—author, element, animal nutrition, and 
botanical—are reasonably complete, with the excep- 
tion of the very diversified botanical index. All re- 
search specialists and alert teachers in plant and 
animal science will find the present compilation 
indispensable for successful work and a broad under- 
standing of inorganic nutrition. 

In anticipation of a strong interest in the func- 
tions of iodine and sodium in determining the nutri- 
tive qualities of food and feed crops, the sections 
pertaining to these elements have been reprinted as 
a separate publication.—PauL D. Vota. 


Growth of Plants: Twenty Years’ Research at Boyce 
Thompson Institute. By WILLIAM CROCKER. New 
York: Reinhold Publishing Corp., 1948. Pp. v+ 
459+171 figs.+48 tables. $10. 


A critical summary of 20 years of research work 
on the growth and productivity of plants at Boyce 
Thompson Institute for Plant Research at Yonkers, 
New York, is presented by the managing director. 
No attempt is made to review the results obtained 
by workers at other institutions except where a 
statement of these results is necessary to orient the 
work of the Institute generally to the whole field of 
plant science. 

As stated in the Introduction, the founder, 
Colonel W1LLIAM Boyce THompson, who provided 
the endowment, had been impressed with the social 
value of research. He believed that one of the best 
investments that could be made for society was 
properly chosen and directed research and that any 
principles concerning the nature of life that can be 
established for plants will help one to understand 
man in health and disease. He was impatient with 


the ineffectiveness and unreality of the political ap- 
proach to national problems and the waste and 
stupidity of politics. He saw hope only in an order 
based on economics illuminated and disciplined by 
science. He planned an institution to deal with plant 
physiology, plant pathology, and related subjects to 
help protect the basic needs of the two hundred mil- 
lion people which he envisioned as the future popula- 
tion of the United States. 

The plans of the director and his colleagues are 
also stated in the Introduction. In brief they are: (1) 
any project or problem tackled should be studied in 
all its relations, including its meaning in nature, in 
agriculture, and in industry; (2) it is desirable to or- 
ganize to attack problems by focusing enough dif- 
ferent techniques on the projects to bring evidence 
on them from many, if not from all, angles; (3) ade- 
quate equipment for effective work must be provided 
even though it may involve very large expenditures; 
(4) competent technicians and helpers for the in- 
vestigators must be provided; (5) prompt publica- 
tion is desirable; and (6) the main fields of research 
for the Institute should be plant physiology, pathol- 
ogy, and biochemistry. 

The larger projects with their many scientific and 
practical ramifications and the solution of most of 
the problems are stated in the first eleven chapters. 
The chapter headings are: (1) ‘‘Early problems (yel- 
lows and virus diseases of plants, duck food prob- 
lem, and study of aquatic plants)”; (2) ‘‘Life span of 
seeds’’; (3) ‘‘Dormancy in seeds’’; (4) ‘‘Physiological 
effects of ethylene and other unsaturated carbon- 
containing gases’’; (5) ‘‘Effect of certain lethal gases 
upon plants and animals”; (6) ‘‘Plant hormones” 
(by P. W. ZimmMERMAN); (7) ‘Dormancy in buds”; 
(8) ‘‘Plant cell membranes” (by WANDA K. Farr); 
(g) ‘Plants grown under controlled environmental 
conditions”; (10) ‘‘Research on insecticides” (by 
ALBERT HARTZELL); and (11) ‘‘Fungicide investiga- 
tions” (by S. E. A. McCaLtan). In chapter 12 four- 
teen shorter miscellaneous projects, which in the 
main have been finished or discontinued, are de- 
scribed. Most of the problems described in the first 
eleven chapters have been under investigation 
throughout the life of the Institute, and some phases 
of all, except duck food and cell membranes, are still 
under study. 

The research work reported in the book shows 
progress toward translating the ideals of the founder 
into practical procedures. The fact that a ten-mil- 
lion-dollar endowment was provided for research 
work to increase the provision for man’s basic needs 
has social significance, and the problems solved con- 
tribute not only to agriculture and industry but also 
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to an understanding of the natural processes of liv- 
ing plants. Examples of this are: breaking the dor- 
mancy of the buds of potato tubers by the use of 
ethylene chlorhydrin, the storage of potato tubers 
under such conditions of temperature and carbon 
dioxide concentration as will prevent excessive for- 
mation of reducing sugars and thus prevent dis- 
coloration in potato chips made from them, the ef- 
fects of chemicals in the ripening of fruits, causes of 
dormancy in seeds and methods of breaking the 
dormancy, the use of synthetic hormones to promote 
good rooting in cuttings, the control of color in the 
flowers of hydrangea by the use of aluminum, and 
the restoration of plants that furnish food for migra- 
tory ducks, geese, and brants by restora] of the locks 
which prevented sewage and sea water from coming 
into the waters which are the feeding grounds of mi- 
gratory wild fowl. 

If we accept the statement in the Introduction 
(quoted from R. K. Duncan) that “‘there is but one 


way of lifting man to a higher moral and spiritual 
plane, and that is by lifting to a higher plane the 
condition of his material surroundings,” it is evident 
that the 20 years of research at the Institute has 
contributed considerably to carrying out the ideals 
of the founder. 

That the plans of the director and his colleagues 
regarding the aims, organization, and scope of the 
work of the Institute have been followed and have 
worked well is evident from reading the book and 
the numerous contributions from the Institute which 
are cited. A summary at the end of each of seven of 
the chapters presents the essential facts and ideas in 
brief form. Of the one hundred and seventy-one fig- 
ures, eight are full-page reproductions of color photo- 
graphs, and many others are repreductions of black 
and-white photographs. The other figures are graphs, 
diagrams, and maps. Many of the forty-eight tables 
are extensive, one of them covering two pages. 
Geo. B. RicG, University of Washington, Seattle. 
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